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The Proceedings of the Eighth Annual Meeting of the North Cen- 
tral Weed Control Conference held at Oklahoma City, Oklahoma on Dec- 
ember 11, 12, 13, 1951 are a record of the formal papers, forums and 
reports of committees of the Conference. All questions from the 
floor, introductions and other discussions are omitted. Additional 
copies of the 1951 Proceedings are available at $2.CO per copy from 
Larry Robinson, State Board of Agriculture, 122 Capitol Building, 
Oklahoma City 5, Oklahoma. 


The report of the Research Committee is considered a supple- 
ment of the Proceedings. It is bound separately and was distributed 
at the opening of the Conference, Additional copies of the Research 


Report for 1951 may be obtained at $2.00 per copy from Dr. A. L. Bakke, 


Department of Botany and Plant Pathology, Iowa State College, Ames, 


Iowa. 
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Robert Francis Fuelleman, Professor of Crop Pro- 
duction at the University of Illinois, died at his home 
in Champaign, Illinois, on April 6, 1951, after he seemed 
to be well on the way tc recovery from a heart condition. 
He was born at Janesville, Wisconsin on March 9, 1895, 
and is survived by his wife, Gertrude Casey Fuelleman and 
three sons, Justin R., Robert W., and Lawrence are stu- 
dents in the University of Illinois. 


As a youth in Janesville, he found employment 
after school hours in a loca? drugstore. He proved un- 
usually apt as an apprentice, and when the opportunity 
came he took and passed the state examination for certi- 
fication as a licensed pharmacist. Noting that plants 
constitute the source of many medicinal drugs, he became 
intensely interested in botany. This led him to become 
familiar with the physical and chemical attributes of 
plants and he was unusually proficient in identifying the 
herbaceous flora of the Midwest. 


His academic training was obtained at the University 
of Wisconsin, where he won undergraduate scholastic hon- 
ors. He majored in plant pathology for his M. S. degree 
and in agronomy for his Ph.D. degree. 


During World War I he served in the Medical Corps. 
He was later employed successively as a pharmecist; as a 
teacher of chemistry in the Madison (Wisconsin) Vocation- 
al School; as Forestry Technician, Wisconsin State Con- 
servation Department; Assistant Agronomist, University of 
Wisconsin. He joined the staff of the Agronomy Depart- 
ment, University of Illinois in 1937 as Associate Profes- 
sor of Crop Production. In 1949 he was advanced to a 
full professorship which position he held at the time df 
his death. 


Professor Fulleman was admired and respected by both 
undergraduate and graduate students, and his courses were 
always well filled, Classroom lecturing was not his first 
choice as a profession, but he had the ability to interest 
students in both the science and art of crop production. 
Having won his own education the hard way, he was always 
sympathetic with students who were struggling against 
heavy odds, 


Doctor Fuelleman enjoyed field research with forage 
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crops, and was sole or joint author of two bulletins and 
seven circulars from the Illinois Agricultural Experiment 
Station, and hl journal articles on subjects in his spe- 
cial field, He spoke before many farm audiences and in- 
dustrial groups. He took great delight in the studies 
which he made, in cooperation with workers in soil man- 
agement and animal science, at the Dixon Springs Experi- 
ment Station. In this southern Illinois area he and his 
associates developed methods of soil treatment, discover- 
ed practical species mixtures, and worked out pasture 
management practices that are rapidly changing the eroded, 
impoverished hill farms of this area into profitable gra- 
ting lands for beef cattle and sheep. 


He took great pride in the fact that he had a part 
in this phenomenal transformation. In a real sense, the 
hillsides covered with lush green forage, and white-face- 
ed cattle grazing thereon, constitute a living monument 
to his research. He was active in the development of the 
Northern Illinois Experimental Field in DeKalb County. In 
addition to extension field studies with forage crop man- 


agement, Doctor Fuelleman was leader of the project on 
weed control. 


He was one of the first men to test the use of 2,l-D on 
field crops in Illinois, His pioneer work in this field 
has led Illinois farmers to widespread use of 2,l-D and 
for the past two years well over a million acres of farm- 
land has been sprayed for weed control. 


He served on comuittees of the society and was part- 
iculariy active as a participant in conferences on Region- 
al Research Projects NC1O and NCl1. He was a member of 
Alpha Zeta, Sigma Xi, Gamma Sigma Delta, American Society 
of Agronomy, Ecological Society of America, American Asso- 


ciation Advancement of Science and Range Managenent 
Society. 


In a quiet, unassuming way, Professor Fuelleman was 
deeply conscious of the rights of others and he was 
therefore an excellent cooperator, He was a prodigious 
worker who never gave the impression of being in a hurry. 
These qualities, as well as his whimsical humor and his 
genial personality, meant that his passing left his many 
associates with a feeling of deep personal loss. 


THEODORE F,. YOST 


At this time it is fitting that we pause to honor 
the memory of our beloved friend and fellow worker, 
Theodore F. Yost, who passed from this life at Topeka, 
Kansas, January 16, 1951. 


Mr. Yost was a leader in the work of organizing 
the North Central Weed Control Conference and served 
two years as its first president. His able leadership 
and unwavering devotion to the welfare of the Confer- 
ence found expression on the board of directors and on 
most of its important committees. He won the acclaim 
of the membership by his efficient service in charge of 
arrangements for the sessions of the Conference held in 
Topeka, Kansas in 1947. 


Theodore F. Yost was born in Harvard, Nebraska, 
December 23, 1691, At the age of 6 he moved with his 
parents to Rush County, Kansas, where he attended grade 
and High school, He served as a first lieutenant of 
infantry in World War I and was discharged in 1918, 

Two years later he was graduated from Kansas State Col- 
lege with the degree of Bachelor of Science in Agri- 
culture, For fourteen years he rendered outstanding 
service as a County Agricultural Agent. 


In 1937 when the Kansas Legislature passed a Nox- 
ious Weed Law and created a Noxious Weed Division, the 
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State Board of Agriculture appointed Mr. Yost as dir- 
ector of the division, Through the years the division, 
under Mr. Yost's capable leadership, expanded in impor- 
tance to the farm people of the state and became a mod- 
el that was used by many states in building their own 
weed departments. Mr. Roy Freeland, Secretary of the 
Kansas State Board of Agriculture, praises Mr. Yost's 
record of valuable service to Kansas people in these 
wrds: “He devoted time and effort far beyond the 
call of duty. His enthusiasm ard his ability will be 
seriously missed by county and state officials, com- 
mercial groups, and agriculturai people associated with 
him over a long period of time. It will be most diffi- 


.cult to fill his place on the staff of the Board of 


Agriculture." 


Mr. Yost was a member of Epsilon Sigma Phi, nat- 
ional extension service fraternity; Topeka Wildcat 
Club; Kansas Acedemy of Science; American Society of 
Agronomy; Masonic Lodge; and the Methodist Church. 


We of the North Central Weed Control Conference 
have lost an enthusiastic worker, an able leader, a 
sympathetic counselor, anc a sincere friend. 


Mr. Yost is survived by his wife, three children, 
four sisters, and six brothers. 
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‘My dear Mr. Sylvester: 


As Mayor, it is my pleasure and privilege to say "Welcome to 
Oklahoma City". 


Our city enjoys playing host and I'm sure you'll find our 
folk anxious to make you feel at home. 


Be sure and make it a point to come and visit us again OxLaHOMA City CHAMBER OF COMMERCE 

soon. 
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Allen Street 

Mayor 
Mr. E. .P. Sylvester, President 
North Central Weed Control Association 
Biltmore Hotel 
Grand and Harvey 
Oklahoma City, Oklahoma 
Dear Mr. Sylvester: 

Welcome to Oklahoma City! 
STATE OF OKLAHOMA 
OFFICE OF THE GOVERNOR It is a real pleasure to have you with us end I sincerely 
hope your stay will be most pleasant. 
JOHNSTON MURRAY OKLAHOMA city 

covennon If any member of our staff can be of assistance to you 

Please call on us. Please make it a point to come back 
Sincerely yours, 

Mr. 7. P. Sylvester, President 

North Central Weed Control Conference hh 

Biltmore Hotel Wm. Morgen Gain 


Dear Mr. Sylvester: 


It is a distinct honor on behalf of the State to welcome 
you to Oklahoma and our capitol city. 


I hope thet your stay here will be a pleasant one ani 
that you will find other opportunities in the future to visit our 
state again. 


Sincerely, 


Jofwston Murray S 


Governor v. 
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PRESIDENT 'S ADDRESS 


E. P. Sylwester 


Mr. Chairman, Ladies and Gentlemen: another year 
has passed since iast we met. Since that time two of 
our esteemed fellow workers, Mr. T. F. Yost of Kansas 
and Dr. R. F. Fuelleman of Illinois, have passed on to 
their reward. I think it is only fitting and proper 
that as we open this conference that I ask this assen- 
blage to rise and for a moment pay silent tribute to 
the memories of these two men who have meant so much 
to all of us. Thank you. 


First of all, let me state that it has been a 
distinct privilege, a great pleasure and a signai 
honor to serve as your president during 1951. For the 
past year I have stood in the reflected giory of this 
great organization. We are now assembled for the 
eighth aunuai meeting of the North Central Weed Con- 
trol Conference. .It is our hope at this time that 
this conference will go down in history as successful 
as the previous seven have been. I know that is my 
hope and I know that is the hope of every single in- 
dividuai who has had part in plenning this conference. 
I want to pay tribuie at this time to the magnificent 
way in which every one has responded in sioulderiug 
additional responsibilities anu working to make this 
conference a success. ‘the magnificent way in which 
every single last one of you folks have responded to 
our requests, have insisted on programs in the in- 
terests of the entire conference, have supported our 
totai effort and have shown the determination to pre- 
Serve our conference, has been heart-warming indeed. 

I think most of us have the concept that this confer- 
ence is not only a complete necessity for ourselves 

but more important still is aiso of vital concern to 
the farmers and to the agriculture of our entire region. 
To that end this conference is contributing to the 
welfare of the entire nation and to the world. 


This conference, as the others, was founded out of 
cire necessity for regional action. (Weeds don't stop 
at fence or state lines.) It has prospered and grown 
because of continued necessity and usefulness. Our 
democratic procedure for forming policies and electing 
deaders is as democratic as ay organization in america. 
‘here has never been a time when farmers were more per- 
plexed or besieged with as great an avalanche of pro- 
posals as to ways and means of solving weed probiems 
than at the present time. That is why in the future 
our organization must continue to grow and must keep 
abreast of deveiopments and must act as a clearing 
house and a baiance wheel to enable us to bring to the 
farmers of our region this vitai information in the 
quickest possible time. I, personally, belong to sev- 
eral organizations. I try to attend their meetings as 
regularly as possible. I can honestly say that of all 
the organizations to which I belong, none is more dy- 
namic, none has the possibility of ‘charging me up 
more for the job at hand, than does the North Central 
Weed Control Conference. I believe in its purpose. I 
xnow that Utne farmers in my area have benefited more 
from the time that I have spent in the work of this con- 
ference and in attencing this conference than that of 
any other organization to which I belong. I believe if 
you search yourselves you will come to the same con- 
clusion. In other words, this organization has justi- 
fied its original intent. To us and to the farmers of 
our areas, it has brought some sense of logical think- 
ing out of a situation which certainly would have been 
pandemonium were it not for some vital progressive 
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agency such as this to bring orderliness out of chaos. 

I feel much more secure in making recommendations to 

the farmers of my area because I can rely upon the 
opinion and experience of ail you workers as well as 
just my own. However, I as well as you temper the 
things we learn here and adopt them for use in our own 
areas. Thus in retrospect we can say that much as been 
accomplished by these annual conferences. To repeat, 
this conference was born out of confusion and chaos, was 
organized by far sighted founding fathers to perform a 
valuable function of pooling information, and has 
flourished because it has served to fulfill the purpose 
of bringing at least some order out of confusion. While 
the recommendations of this conference have naturally 
to be tempered from state to state, the over-rll guide 
as to information has been invaluable to all concerned. 


But during these years the sailing has not all 
been smooth. Constantly there are problems arising 
which have to be met and ironed out. That is to be ex- 
pected. I think this conference has done a good job of 
meeting the chailenge and ironing out such controversies. 
I think that any organization which doesn't have prob- 
iems, just isn't active and dynamic. It is static. I 
think that one of the reasons that this conference has 
gained and prospered beyond all expectations, is that 
the membership as a whole has submerged their own indi- 
vidual differences to work fur the common good. ‘his 
broad out-look I implore you to continue. I think the 
conference membership as a whole and you as members in- 
dividually snoula be complimented on that fact. Wwe 
don't have a perfect organization. we never will have. 
We are only human. we have made mistakes in the past. 
we will probably make some in the future, but we can 
iron them out. We have an organization which has served 
to help focus attention on the terrific need which exist-~ 
ed and still exists in all phases of weed control. You, 
singly and collectively, need more pats on the back for 
che extremely good work you are all doing. 


In the beginning there was no place where we could 
turn, no place where we could go to mutually air our 
problems and to seek advice. So far as I am concerned 
and I think I can speak reliably for the entire member- 
ship, I don't know where we could go today to get more 
frank information on weed control, more encouragement 
for the work we are doing, more enthusiasm for doing 
more work when we get home, than we can by attending the 
North Central Weed Control Conference. we ali like the 
frank discussions. We all enjoy the sincere companion- 
ship of all our fellow workers in all phases in the field 
of weed control. We all enjoy the companionship of our 
fellow workers in the fields of enforcement, research, 
extension and in the industriai fields. We ail like the 
informality. We like the tolerance that is exhibited 
everywhere, especially among industrial concerns. This 
is a truly democratic organization. I like to converse 
with our Canadian colleagues. Even though their prob- 
iems are in some instances different, there has never 
been a single conference that you and I have attended 
but where we haven't come away with new vision, with new 
perspective, with new appreciation of their problems and 
ours and with new horizons of tolerance. We all want 
the mutual benefits of these associations to grow still 
stronger. We are by no means a perfect conference, but 
we have made a lot of progress, and he who has a perfect 
organization, let him cast the first stone. Those of 
you that were present in 194) will realize how far we 


have come. I believe that ail of us are agreed in 
that this association of representatives from two na- 
tions, from three Canadian provinces and 1 American 
states, our representatives from the regulatory, edu- 
cational, industrial and researcn agencies, we want 
this association to continue, to prosper and to serve 
us in the future even better than it has in the past. 
Our organization, like that of the other Weed Control 
Conferences, has come from nowhere. At the present 
time our organization is a thriving, incorporated, 
debt free, organization. It is a clearing house of 
weed control information. It is more than that. It 
is the envy of many other organizations and could well 
be the pattern for many others. We must constantly 
work for greater unity, for strengthening our relation- 
ships with all representatives, with all sections en- 
compassed by our conference. We all want our confer- 
ence to be a vital, not a senile, impotent group. 
Even though we are not yet 10 years old, it is time 
that we rededicate ourselves as individuals to the 
task we set out to do 8 years ago, and to dedicate our- 
selves to a strenuous program which lies ahead of us. 
And it is time to take inventory or throw out those 
philosophies which can control weeds more cheaply, 
more effectively, more quickly, and above all, that 
false philosophy that such a program will not cost 
anything or is easy. It takes hard work in 
research, industry, enforcement and extension educa- 
tion to put across a program of weed control, and so 
far as I know no one has found an effective substitute 
for hard work to get that job done. 


We might ask ourseives what progress we have made 
during the past year. I believe that one of the out- 
standing things that we have done is that we have giv- 
en help toward the creation of a publication for weed 
control workers, a pubiication which has been in the 
minds of not only people of this conference but of 
other conferences for some time in the past. Through 
the efforts of this conference, and more specifically 
through the untiring efforts of Dr. Sweet and Dr. Lov- 
vorn, this journal has finnally come into reality. 
This, I think, has been one of our major contributions 
this year. It will offer a medium for expressing our 
views on various subjects involving weed control in 
which our colieagues the country over will be interest- 
ed. In it we can present finished papers in weed con- 
trol, longer and more complete papers than our hereto- 
fore channeis have allowed. As Dr. Sweet has so aptiy 
said in his foreword in the first issue of the Journal, 
"the Journal has been born" and it is now up to us to 
keep it growing anda that responsibility, my fellow con- 
ference members, rests with us, with me and with you. 
I want to at this time, make a very fervent plea for 
all of you to consider the publication in the weeds 
of any articles which by implication or actuai- 
to do with the control of weeds in any way, 
form. Here at last we have one pubiication 
can center such information. We do not have 
the iibraries and consult 30 other periodi- 
rder to get a little information on weed con- 
Tyone can reaiize how important this can be 
» eSspeciaily those removed from libraries. 
It is up. 
us to support it, and above all, to furnish it wita 
its life's blood, namely, publisning materiai. We 
need to subscribe to it not only ourselves but get our 
people, enforcement, educational, custom sprayers, etc., 
to subscribe to it. What better way to educate than 
through this Journal? 


This year, too, we have started a program which 


has been talked about in the past of recognizing a few 
of our fellow workers from the "grass roots" department. 
Once a thing like a Weeds Journal or this Recognition 
Program is initiated, it is a little easier to continue 
it. Yet there are constant problems which arise and 
which have to be ironed out even to continue these 
worthwhile projects. We don't all see eye to eye on 
these matters. I haven't always been in complete agree- 
ment with everything that has been done. Neither have 
you perhaps, but the majority of the group has prevail- 
ed. That is as it should be, and in most instances, 
I've been wrong. These conferences, our Weeds Journal, 
our recognition programs, the far fiung research en- 
deavors, etc., should do an inereasingly better job of 
keeping ourselves informed and trying to do the best 
job in weed control for the people whom we serve. In 
the third place, our conference is incorporated and the 
finances as in past years are in good condition. In 
the fourth place, even though we have made a tremendous 
amount of progress during the past year in research, we 
still have a long ways to go. I have the utmost con- 
fidence in the research people. I know they will con- 
tinue to keep us abreast and ahead of developments. I 
am amazed at the terrific amount of weed control re- 
search work compiled by you as individuals and by the 
research committee with Dr. Bakke as chairman. We need 
more fundamental research, not only with present chemi- 
cals but aiso with the newer chemicals which are con- 
stantly appearing. We need an increasing amount of 
work on the toxicity of these materials, not only to 
the plant iife which we are seeking to control but also 
on indirect effects of such materiais. We need much 
additional work in the fields of weed morphology, anat- 
omy and ecology. The work on toxicity iiterature so 
ably compiled by Dr. Willard and the people who have 
helped him has been outstanding. While our laws are 
becoming more uniform on the control of weeds through- 
out the various areas, we still have a long ways to go. 
In the field of education, we must remember that we are 
taiking to an ever-changing group of people. Sometimes 
repetition becomes a monotonous thing for us and yet 
remember that in our public schools the reading and the 
writing and the arithmetic are still being taught as 
they were years ago, again to an ever-changing group. 
Unless we, as educators, do a continuous job of repeti- 
tion, oi dewonstrations, of showing the need for weed 
control, then the regulatory people will have an in- 
creasingiy ditficult job to do in their field. If these 
two fields, namely educational and regulatory, fail in 
their purpose, the efforts of the research people will 
be largely wasted and the efforts of the industrial 
group wiil largely come to naught. This shows the vital 
inter-reiationsnhip of our groups comprising this con- 
ference. 


A regulatory man once told me that an effective 
regulatory program should be 90 percent educational and 
10 percent regulatory. However, a few years ago we 
were woefully far behind so far as research is con- 
cerned. ‘The research people have iiterally pulled: them- 
selves up by the bvot straps and have come a long way. 
We need additionai research on some of our harder to 
kill weeds and brush. We need a lot more fundamental 
research in all phases of weed control in keeping up 
with modern technology. I think ali of us need to re- 
dedicate ourselves to further the cause of weed control. 
Let it not be said of this conference or of its workers 
that the "cobblers' cnildren are always in want of 
“shoes.” Personally, I would have very little faith in 
a man who talks weed control to farmers, to home owners, 


to golf course custodians or what-have-you, whose own 
ga or farm is a glorified weed patch or whose lawn 


is a hot-bed for dandelions and plantain. We all know 
of peopie whose word is not very iikeiy to be taken if 
such conditions prevail. In other words, we must also 
set our own house in order before we have any right to 
preach the gospel to others. A man must have conti- 
dence in his own program first before he can educate 
other people to follow his suggestions. A good sales- 
man believes first and foremost in his own self, in 
his ability, in his assignment and in his product. 

You as weed workers must realize that you are the 
foremost echelons to control agriculture's No. 2 Pub- 
lic Enemy-Weeds. 


As I approach the end of my assignment as presi- 
dent or the North Central Weed Control Conference, 
there is a great amount ot satisfaction in knowing 
that it was my privilege to head this organization 
during the past year. It was a distinct privilege for 
me to be president as we came to the great state of 
Oklahoma. I want to share with you these letters of 
welcome from Mr. Cain, president of the Oklahoma City 
Chamber of Commerce, from Mr. Street, the mayor of 
Oklahoma City and from Mr. Johnston Murray, the honor- 
able governor of the great state of Oklahoma. It was 
my privilege to visit the Will Rogers shrine at 
Claremore. To me it exemplified this great state - 
quiet proud, majestic. It impressed me as few other 
places have. It was a genuine privilege to call upon 
many of you for suggestions or help and realize that, 
although busy as you were, you always had time to 
expend additional efforts for this conference. Such 
cooperation as was forthcoming in the general inter- 
est, is the spirit, the “esprit de corps" which has 
made this conference succeed and prosper. Such a 
challenge as has beeu my privilege to have, such an 
opportunity as has been mine, comes to only a few in- 
dividuals. One upon retiring from such an office is 
only worried about the job which was left undone. We 
must set our sights on the future. We must re-dedi- 
cate ourselves to greater service in all respects. 
we must continue to wr for the common good and to 
temper our own individual differences in the future, 
as we have done in the past. That may mean additional 
personal work and sacrifice, but in the end, I can 
assure you, the end result will justify the means. 

If we do these things, in short, if all of us look 
back on how much this conference has meant to ail of 
us individuaily, how it has always helped us when we 
reaiiy needed the help - if we put the affairs of the 
conterence first, it we keep it progressive, if we 
steer the direction of its work, as I know ail of us 
will, then this conference in the future, under far 
sighted ieadership, will continue to prosper, zrow, 
and continue to serve a great dynamic function. 


WHERE DO WE SAND IN WEED CONTROL 


L. M. Stahler 


At this 6th annual meeting of the North Central 
Weed Control Conference I have been asked to summarize 
the accomplishments and developments that have taken 
Place as a result of the activities in this relative- 
ly new field of agricultural research. I take for 
granted that I also have the privilege of emphasizing 
and recounting some of our inadequacies and shortcom- 
ings, and further, that I have the privilege of making 
suggestions for the better direction of our energies 
in the immediate future. 


While it is hardiy necessary to review the short 
history of the development of weed control research, 
it is interesting to note, or consider, why this new 
branch of research was so lately developed and is at 
the present time so popular. Research in weed control, 
as research in other fieids of agricuiture, or in in- 
dustry in generai, has not always been a planned and 
accepted component of the industry as such. There is 
a well known saying that, "Necessity is the mother of 
invention," and this is often applicable to the initia- 
tion of new research ventures, and wholly applicable 
to research in weed control. Previous to 1930 I d 
not believe that there was a single man in the United 
States who was devoting full time to weed control re- 
search. AS late as 1940 the number of men engaged 
full time in this new fieid of research could be number- 
ed on the fingers of both hands. ting Mr. L. W. 
Kephart from a talk given at annual 
of our NCWCC at Des Moines, Iowa, in 196, "In the 
the United States alone for a quarter of a century or 
more there have been constantly, om public and private 
payrolls, more than 1,000 professional entomologist... 
+ee+senearly a thousand plant pathologist, and several 
hundred animal pathologist, and scores of specialists 
in diverse other kinds of pest control, but previous to 
190 there were not a dozen men engaged full time in 
weed control researci; ...whiie several reputable 
sources have quoted the tangible iosses of american 


agriculture from weeds as equai to that of ali insect and 


disease losses inflicted on all plants and animals 

on the American farms." While I have not made a care- 
ful survey and computed the data to back up this state- 
ment, I am confident that in 1951 the number of plant 
pathologists or entomologist in the United States still 
far exceeds the number of men engaged as full time weed 
research specialists. 


Agriculture in North American is relatively young 
and immature. In the United States we have approxi- 
mately 645,000,000 acres of crop land excluding range 
and permanent pasture areas. In 1850, only 100 years 
ago, with a population of 23,000,000 people we had ap- 
proximately 20 acres of crop land to prcduce the food 
amd fiber for each person. At that time 60% of our 
population iived in rural areas and the average farm 
worker produced food and fiber suificient for 34 other 
people, in addition to himseif. Land was cheap, iabor 
was cheap and plentiful, and weed problems could be 
evaded or discounted, and control of weeds could be 
economically undertaken through the expedient use of 
the hoe or hand puliing. During the period from 1850 
to 1900 we imported, with crop seed, ail of the major 
noxious weeds of Europe and many from Asia and other 
continents. These introduced species rode the crest of 
our expanding agriculture and had ample time to become 
established on most favorable areas for their develop- 
ment. During this period there were few and only in- 
effective measures taken to control the importation 
and dissemination of weeds through regulation of seed 
movement anda the only reported research that can be 
considered as weed control before 1900 was concerned 
with taxonomic classification, a few studies on the 
longevity of weed seed and a few academic reports on 
ecological aspects of weeds in crop plants. 


By 1950 the entire picture of agricultural produc~ 
tion had changed. We find that in the past 100 years, 
our population has grown from 23,007,000 to 150 ,000,000 
people who must be clo and fed on the originally 
available 645,000,000 acres crop land. Further, we 
find that by 1950 only 20% our population was liv- 
ing in rural areas with 80% urban areas and 


entirely dependent on the rural population for agri- 
cultural productg. The growth in population had re- 
duced the producing agricultural areas to 4.3 acres 
per person and had reduced the available agricultural 
labor to the point where one agricultural worker must 
produce food and fiber for himself and fourteen others. 
This radicai change in the economics of agricultural 
production makes it imperative that we produce crops 
on millions of acres solidly infested with our most 


persistent perenne. herbaceous and in universal 
competition with a wide variety of locally adapted 
annual weed; and this must be undertaken with a 
minimum of man hour input. 


With the change in economic factors that have de- 
veloped in the past 100 years of our agricultural his- 
tory we find that only in the iast 50 years have farm- 
ers become widely appreciative of, and dependent on, 
the development of agricultural research as represent- 
ing better adapted, disease resistant, higher produc- 
ing, varieties of crop piants and farm animals; new 
or improved methods of control of insects and preda- 
tors, and more efficient agronomic, distribution, and 
processing techniques. Previous to i930 none of this 
newly popular agricultural research was designed 
specifically to deveiop more efficient techniques in 
weed control and the universal attitude in regard to 
weed control was that it was a personai problem of the 
individuai farmer and in a iarge degree reflected the 
quality of his husbandry. Only when such weeds as 
field bindweed (C.arvensis) had compietely infested 
statewide areas of our most productive agricultural 
dand to the point where these infested iands were be- 
ing abandoned, did we recognize the fact that there 
was an immediate need for weed control research and 
that weed control kad become a matter of sufficient 
importance to warrant the attention of federal and 
state, or provincial, research agencies. 


I should add here as an interesting observation, 
that the legislative bodies in most states had previous 
to 1940 formulated, and placed on their statutes, laws 
mandating the control and elimination of a variety of 
perennial herbaceous weeds and had pointedly placed the 
responsibility for undertaking these mandatory assign- 
ments directiy on the owners of the land on which these 
weeds were found. This, despite the fact that at the 
time the laws were formulated there were no known rea- 
sonable procedures by which the iand owner could accom- 
plish these responsibilities. In fact it wuld be in- 
possible for the average farmer today, or even the best 
trained weed specialist in this organization, to success- 
fully undertake under all conditions the elimination of 
Canada thistie (C.arvense), sow thistle (S.arvensis), 
deafy spurge (E.esula), and certain other noxious per- 
enniai weeds specifically covered by the mandatory state 
degisiation of 20 years ago. Giving credit where credit 
is due, however, we must admit that certain state regu- 
datory agencies recognized the seriousness of the weed 
control problems long before these probiems were con- 
sidered worthy of the attention of research agencies. 
Early research in weed control was devoted to improve- 
ment of cultivation or cropping practices, and with in- 
vestigations of sucn herbicides as sodium arsenite and 
sodium chlorate. In the early 1930's these were the 
only possibilities at hand and their potentialities were 
more thoroughly investigated than any product or prac- 
tice is being investigated through the combined efforts 
of the host of weed researchers today, and I want to 
emphasize that the early investigations which resulted 
in improved practices of intensive cultivation, but 


which cost from $7.00 to $15.00 per acre and kept 
treated areas out of production for one or more crop 
seasons; which developed the use of sodium chlorate or 
borax at a cost of from 920.00 to $70.00 per acre in 
the elimination of field bindweed, Canada thistle, or 
ieafy spurge; were successfully and widely adopted in 
field practice. In proof of this I remind you that 

the records maintained by our recent good friend ard 
cooperator, Mr. Ted Yost, show that in the state of 
Kansas in the years 1937 to 197 inclusive; 164 million 
pounds of sodium chlorate, 60,000 tons of sodium chlor- 
ide, and 2,000,000 pounds of borax were used for con- 
trol of bindweed by farmers whose records were avail- 
abie to the Kansas State Weed Control organization. 
During this same period several million acres of Kan- 
sas land, that in 1936 was abandoned to field bindweed, 
was returned to high productivity through the recommend- 
ed, systematic use of intensive cultivation and crop- 
ping practices derived and recommended as a result of 
the early research undertaken cooperatively by the 
U.S.D.A. and the Kansas Agricultural Experiment Station, 
at Hays, Kansas. Previous to the advent & 2,l-D; field 
bindweed, which had assumed the position of #1 noxious 
weed and crop pest in the early 1930's, had been reduc- 
ed to a position of second or third place as a noxious 
weed and of only mild concern to fam operators in 
Minnesota and Iowa. 


During this early period in our weed control re- 
search history, we were justly proud of developments 
and accomplishments, and mildly boastful of the fact 
that we “had made weed control popular by making it 
practicai." Today it requires an agricultural exten- 
sion specialist that is truly a super salesman to con- 
vince farm operators of the practicability of intensive 
cultivation practices as a weed control measure and it 
requires a regulatory man with the combined qualities 
of Nero and Samson to enforce the use of sodium chlor- 
ate or borax as a measure for the control of small 
patches, or new infestations, of our most noxious per- 
ennial weeds. In line with the modern psychology and 
economy of farmers thinking and practice we must do 
more than “make weed control practical to make it pop- 
ular," we must now "make weed control profitable" in 
order to make it popular. We have gotten to the point 
in our research on weed control where it becomes aimost 
imperative in presenting data in tabular form to add an 
additiona: column headed "Dollars profit per acre re- 
sulting from treatment". The prominence and popularity 
of the profit motivated research in which we are at 
present almost exclusively involved is not unique to our 
group. It is certainly the motive that has sparked, 
financed, and powered the unprecendented research activ- 
ity in industry; is responsible for the phenomenal grow- 
th of industry in North america and likewise the quali- 
ty and quantity of industry's products. If we keep in 
mind the fact that our population growth rate is far out 
of proportion to the rate at which we can bring new crop 
iand into production through irrigation and drainage, it 
is at once and aiways imperative that we devote our ma- 
jor efforts to the deveiopment of materials and prac- 
tices that will assure greater production per unit area 
with a reduction in unit production costs. There is a 
real hazard, however, in using immediate economic ad- 
vantages as the prime goal ana ultimate criteria of the 
success of our research. It is too easy, when dominat- 
ed by this research psychology, to adopt assembly line 
methods in undertaking research and true research never 
has, and never will, conform to assembly line tactics 
and techniques. 


In industry, assembly line techniques ‘subjugate 
the man to the machine. His timing, his mental and 
physical reactions, must all be coordinated with the 
rate of movement of the belt line at which he works. 
The integral part that each individual plays in assemb- 
ly line production has been previously determined and 
delimited by efficiency engineering, and whereas the 
number of units of finished product rolling off the end 
of this belt line system is remarkably high, they are 
aiso remarkably uniform - the tenth unit is predictably 
and entirely similar to the ten thousandth wit. There 
is no improvement; there is nothing new added. ke- 
search is justified only on the basis of the fact that 
it will develop new data, new facts, new ideas, new 
products and practices. A research worker who through 
his own mental comprehension, or under the compunction 
of false sense of duty, plans on turning out a given 
quantity of positive data or problem answers within 
a prelimited time period is subject to, aid haupered 
by, assembly line practices and the result of his in- 
vestigations will be of less than assembly line quali- 
ty - uniformly poor and unreliabie. I might insert 
here that all of us could well consider some of the 
abstracts that are aniuually submitted to our research 
report and ask ourselves whether the data and the ab- 
stracts represents in all cases our best and consider- 
ed efforts in research, or whether they are the results 
of assembly line techniques applied to a research in- 


vestigation in an attempt to meet a production schedule 
and date. 


One of the real disadvantages associated with our 
present high speed, high pressured research, aimed only 
at the solution of an immediate problem and activated 
by the utility and immediate economics of our changing 
agriculture, is the fact that as in industriai prac- 
tices, last year's production model is obsolete today 
and in order to maintain a position with the consumer 
of either motor cars or new agricultural practices we 
must get out a new model. In gearing up to the new 
assignment, tie new problem, or new product, many of 
our tools, techniques, and incompiete data are dis- 
carded. In modern agricultural research, ana weed cou- 
trol research in particular, we have not had either the 
time, manpower, or incentive to inquire into and estab- 
iish the underlying or basic reactions, causes and prin- 
ciples associated with the discovery or development of 
new materiais or new practices that we have fitted to 
practical field use. This is a real weakness in our 
research and one which could as fully be applied to 
many other fields of research. To emphasize this point 
I need only ask a few questions of this group regarding 
the basic phenomena of our most popular herbicide; 2,l-D. 


Let us be basic in the consideration of our present 
knowledge of the mechanism of action of a herbicide with 
which we are all so familiar. First, how does 2,l;-D ap- 
plied to the surface of a leaf as a water-spray solution 
actually gain entrance to the inner leaf tissues? Is 
this entirely through the cutinized or waxy epidermal 
ceils, or is it througn the leaf stomata? assuming that 
the materiai has; tnrough mechanisuws or means not yet 
well established in reported investigations, reached the 
parenchyma vissues within the leaf; is dispersion within 
vhe plant continued througn these spongy tissues, or is 
it essential that the 2,l-D reach the vascular tissues 
ana a more efficient well defined trauspo:t route to 
other parts of the plant? 


The most important question to ask here is, of 


course; “How does 2,li-D kill plants or bring about the 
reaciions that we convenientiy group and widely recog- 
nize as 2,l-D response?” A phrase of unknown author- 
ship that was eariy coined to answer this embarrassing 
question was "2,l-D upsets the normal metabolism as- 
sociated with growth and development in the treated 
plant.” We have had six years of research since this 
phrase was originated and we are in no better position 
to elaborate on it today than we were at the time it 
was first uttered. 


I carmot leave this topic without bringing up the 
perplexing question of the widely recognized and ex- 
ploited selectivity in action of 2,l-D and related 
compounds, It is evident tnat this selectivity is in 
part based on morphological characteristics in that 
2,4-D applied to the leaves of practicaily all genera 
of the Monocots results in little or no reaction by 
tne plant, Whereas, the majority of species of the 
Dicots are variously affected by a ieaf application. 

other hand, the roots of both Monocots and 

Dicots appear to be receptive to 2,l,-D and when so 
applied the reactions of plants in both groups are 
more closely simiiar. However, if we carry this theory 
too far we run into trouble. As an example, in tiie fan- 
ily Solonaceae we have the tomato which is recognized 
as being highly sensitive to the action of 2,l-D, the 
potato which is intermediate in tolerance to the action 
Ol 2,u-D and horse nettle (S.corolinense) which is 
infamously tolerant or resistant to action of 
2,4u-D. Yet morphologically there are no observabie 
leat or stem structures or appendages that logically 
explain these wide variations in reaction. I know of 
mo exact cytological or physiological studies concerned 
with tnese genera wuich would offer some shred of in- 
formation to plausibly explain tne phenomena. 


If we haa information explaining to our satis- 
faction the factors operative in determining the rela- 
tive tolerance or susceptibility of various species of 
plants to 2,l-D we would certainly be in a much better 
position to expostulate on the variable reactions, and 
reasons for these reactions, that are now observed on 
identical species treated at different times throughout 
the growing season, at consecutive locations, or under 
various recognizabie growing conditions. Personally, 
I am about to the point where I beiieve that our past 
association of reiative pliant reaction with stage of 
development, rapidity of growth, drought or moisture 
conditions, has been as often coincidence as directly 
contributory. 


Several experiences and observations have snaken 
my faitn in the generai association that we have drawn 
between the relative reaction of plants treated with 
2,4-D and observabie growth stages. For instance, we 
have recommended in treating annual weeds in fiax that 
the application be made when the flax is as close to 
the seedling stage as possibie in that experimental 
results have indicated less residual damage to fiax 
treated at very early stages of growth. At the same 
time, we recommend that the annuai broad ieaved weeds 
associated with fiax be treated at a very early stage 
of growth as we have found that they are more sensitive 
to 2,l-D at these early stages. as another example we 
have consistently phrased our recommeadations for use 
of 2,4-D or 2,4,5-T to specify application st a time 
wuen the plants were in the most active stage or growth 
and development. In perenniai weeds such as Canada 
thistie, sow thistie, and field bindweed this is just 


before, ox at, the time o1 first bioom. Foiliowing 
through on these recomuenaation and applying tac to 
horse nettie, another herbaceous perenniai, we early 
founa that it was reiatively tolerant. By chance, or 
on an exploratory basis, applications of 2,l4,5-T made 
on horse nettle, weil beyond the period of most rapid 
development and at a time when the fully formed fruits 
were beginning to deveiop orange color, it was discov- 
ered that this plant was most susceptible to 2,4,5-T at 
this stage of development ana in fact, that it couid be 
controlled with applications made in early fali and 
during the deciine in its annual growth cycie. 


Basic studies concerned with the movement of 2,4-D 
in plant tissue, while carefully undertaken and accurate- 
iy entailed, have been much too limited in scope to sa- 
tisfactorily expiain the common phenomena associated 
with translocation of herbicides observed by field re- 
searcn wrkers. It is generaliy and conclusiveiy evi- 
dent that 24, 4-D, 2,4,5-T ana other available organic 
herbicides, within a perennial herbaceous or woody 
plant, are rapidly moved over a weil defined system 
only apically. Basipetal or laterai, movement witiin 
herbaceous perennial or woody plants is at such a low 
rate and follows such an indefinite pattern that only 
the process of simple diffusion can logically account 
for this movement. In basal treatment of oak trees 
with 2,4,5-T in diesei fuei, the herbicide carried 
through the thick, highly suberized bark by tne oil 
reaches the cambium iayer, and through kiliing of this 
aayer, effectively girdies the tree. Througi) the ves- 
sels of the outer and youngest wood, 2,4,5-T is trans- 
located apically at a very rapid rate and it is not 
uncommon to observe the effects of 2,li-D in the tip 
ieaves of a 20 foot oak several days after the applica- 
tion was made. Movement downward to the basal stem 
buds, even though having the advantage of the force of 
gravity, is very slow and indefinite ana although top 
kill of oak can be consistently accomplished by this 
application of 2,4,5-T, basal sprouting from a zone 

the site ot application at the 
base of the trunk is commonly ovserved and reported. 
Certainly, ii there is any reasonabie degree of associa- 
tion between translocation of the products of photosyn- 
thesis and 2,l-D in a basipetal direction, the problem 
of control of oak, oi leafy spurge, of Canada thistle, 
or mesquite ( ) would be much closer to 
solution than it is today. And I remind you that the 
aerial portions of these specific woody or herbaceous 
plants are consistently and readily killed by the con- 
tact action of 2,li-D or 2,l,5-T. 


AS my associations in this organization have been 
iargely witn the research group I feel no compunction 
in reminding them of their inadequacies and I trust that 
you who are associated with the extension or regulatory 
sections of the conference will not resent a few modest 
suggestions as to more efficient use of the facilities 
which you have to offer to the general weed control pro- 
gram. The extension and regulatory people are to be 
complimented on the efficiency wita which they brought 
the early results of our weed controi research into 
field practice and accepted use. I have earlier ref- 
fered to the popularity ami wide acceptance of such weed 
control practices as involved intensive cuitivation, in- 
tensive cropping, and use of borax and chlorate. Only 
through your vigorous, persistent, and reientiess educa- 
tional and regulatory programs were these wide scale 
weed control practices undertaken. With the advent of 
2,4-D, and the availability of what now appears to have 
been very inadequate into:mation and iimited data, the 


estension and regulatory agencies in the north central 
states and prairie provinces undertook an ali out 
campaign in promoting wne use of 2,4-D that in scope 
and success rivals any comparable development in our 
agricultural history. while I have already used these 
figures too often, I believe they are worthy of repeti- 
tion in establishing the part that the regulatory and 
extension agencies have played in popularizing weed 
control in the North Central Conference area. In 19h 
we had in a smallpocket size, aerosol type, steei con- 
tainer at Lamberton, Minnesota, approximately one-half 
of the 2,4-D that was availabie for use in the area 
represented by this conference. In 19%, only 6 years 
dater, through your promotion and direction, close to 
45,000,000 pounds of 2 l-D and 2,4,5-T were applied to 
25,500,000 acres. Refiecting the scope of the exten- 
sion and regulatory activities in the Canadian prairie 
provinces of Alberta, Saskatcnewan, and Manitoba, the 
area treated with 4 l-D increased from 8,200,000 acres 
in 1949 to slightly over 13,500,000 acres in 1950. A 
recent, complete, and timely report furnished to me by 
Mr. Henry wood of the Department of Agriculture of 
Manitoba, indicates that in 1951 with spraying opera- 
tion seasonally handicapped by unfavorable weather, 
11,326,000 acres were treated with 2,l-D in the three 
prairie provinces of Canada. with such a rapid and 
extensive development; and employing a material of the 
high phytotoxic properties of 2,li-D, it is remarkable 
to note that we have had practically no reports of 
extensive crop damage, or of unsatisfactory results in 
fieia use. 


Over this entire North Central Conference area, 
regulatory and extension publications outlining and 
promoting recommended weed control procedure have been 
remarkably uniform and, obviously, outstandingly ef- 
fective. kegulations pertaining to the saie, iabeling, 
storage, and application of 2,4-D have likewise been 
uniquely uniform over the entire area and while I want 
to give due credit to the regulatory people in these 
accomplismments, I would be remiss in not, at this 
point, wholeheartedly complimenting the comme:cial 
formlators, wholesalers and retailers of 2,4-D and 
other new herbicides for the consistent cooperation 
and generous support that they have offered and under- 
taken. ihey have played an important part in carrying 
out a weed control campaign and in promoting a develop- 
ment, that while monumental in scope, has been charac- 
terized by conservative honesty and integrity in form- 
ulations, labeling, recomméndations, and marketing 
practices. 


Now, getting back to extension activities in weed 
control and agricultural extension personnel engaged 
in the promotion of weed control practices, I would like 
to suggest that you have missed, and are at the present 
time omitting throughout the entire North Central Con- 
ference area, an important segment of our agricultural 
enterprise. You have almost entirely negiected, or at 
ieast have had little or no success in developing an 
interest in, control of weeds in permanent and semi- 
permanent pastures. The most common weed infesting 
the pasture land from Ohio through Nebraska, and from 
Oklahoma to Saskatchewan, is common ragweed ( 
artemisiifolia). In the southern and western area o 

S region, perenniai ragweed (A.psilostachya) is 
commonly the dominant species iocally. Both of these 
species are indicated in our earliest published list 
of weeds and their responses to 2,li-D as being sensi- 
tive and readily controlled or eliminated with minimum 
dosages. You have promoted wide-scale use of 2,l-D in 


the control of annuai weeds in wheat, oats, barley, 

ana flax ana the effects of this development are every- 
where evident to the traveier througn the small grain 
producing areas during the early summer months, In my 
quite extensive travei throughout the entire conference 
area I seldom see evidence of the effects of a similar 
program to control simple annual weeds on pasture land. 
The practicality and economy of controlling the simple 
annual weeds on our pasture areas has, I believe, been 
established beyond any reasonable doubt. Wwe find the 
ranchers of Texas were willing to invest over 3.00 
per acre on one-half million acres of range to control 
mesquite in 1951. Savage and McIivain of tne Southern 
Great Plains field station have conclusively ilius- 
trated the economic advantage of investing from two to 
five dollars per acre for the control of sand sage on 
range land in the panhandle area or ‘texas, Oklahoma, 
and Kansas. Harry Elweil of the ked Plains Experiment 
Station has demonstrated a production of 70 pounds of 
beef per acre annually on range land where oak was 
eliminated through ihe use of cheitical or mechanical 
means. It would appear then, quite logically economi- 
cal to invest the comparatively small sum of $1.25 per 
acre to control the annual weeds which more or less 
dominate the more productive pasture lands through the 
central and northern states of this area. I have 
never been able to rationalize the fact that farmers 
through the corn belt area will pay an annual rental 
fee of from §7.00 to $15.00 per acre, or own and main- 
tain land with a present market value of from $100.00 
to $400.00 per acre, and devote this land to grazing 
cattle on a solid stand of weeds from mid-June and 
throughout the remaining summer grazing season. The 
effect of these weeds on productivity of grass and beef 
or milk, needs no elaboration to establish the economic 
need for a wide-scale, ail out, extension program to 
promote wider and fulier use of modern herbicides in 
the improvement of our most neglected productive land. 


aS many of you know, I have during the past six 
years been intensely interested in the development of 
aerial spraying of herbicides as I am convinced that 
in many situations, and in certain areas, the airplane 
is the most efficient equipment availabie for accomp- 
lishing weed control. We are at present close to the 
center of an area which plants approximately 30,000,000 
acres of hard red winter wheat annually. Under normal 
conditions weeds are not an important factor in the pro- 
duction of hard red winter wheat. In certain years 
when dry fall weather follows seeding, and poor or 
delayed germination of wheat results, and when this is 
followed by ample winter and spring moisture, the 
Sparse spring growtn of wheat presents conditions 
ideally suited to the development of a heavy stand of 
lambsquarter (Chenopodium » ragweed, and sunflower 
(H.annuus). In these years of heavy weed infestation 
in winter wheat, the airplane assumes an important and 
essential role in weed control, as was well demonstrated 
in 1946. In application of 2,4,5-T on mesquite the 
airplane cannot be replaced. It has become an essen- 
tial implement for the application of herbicides in 
vice and for seeding and fertilizing this crop. In the 
more northern spring wheat areas airplane application 
of herbicides has likewise played an important role in 
developments in which we are all interested. 


State regulatory agencies have in the past five 
years, in many instances, sponsored and promoted lesis- 
dation and regulations which have definitely restricted 
the development of the aircraft spraying industry. 
KeStrictive legislation was necessary because of the 
unscrupulous, unethicai, practices of a few individuals, 


ana even fewer aeriai spray organizations. For the 
protection of the farmers, ana also for the protection 
of ethical operators in the aircrai't spraying inaustry, 
I wouid in general like to see the state regulations 
concerned with aerial spraying retained anda more 
strictly enforced than has been the case in past years 
of operation. I see no reason, however, why these 
regulations are at present so variable in directly 
adjacent states. Why not get together and adopt a 
uniform code of aeriai pesticide application regula- 


tions over the entire conference area? 


I woulda further like to suggest that the state 
regulatory and state agricultural extension agencies 
greatly reduce the number of aerial spray operators 
schools and short courses that have been developed 
during the past five years through combining with 
neighboring states on a regional basis. The aerial 
spray operator is in some cases obligated to attend 
these training sessions in each state from Texas to 
North Dakota and from Nebraska to Ohio. I wuld suggest 
that through the medium of your organization here in 
the NCWCC, you take immediate steps to organize your 
aerial operator short courses on a regional basis. 

In addition to reducing the travel and time that the 
aerial spray operator must invest in attendance of 
regional training schools, this development would effect 
a weicome saving in time and travel to the weed experts 
throughout the region who are annually asked to take 
part in the numerous state sponsored schools ana short 
cow'ses. 


By virtue or my long association with this organi- 
zation I am in a somewhat ambiguous position in regard 
to summarizing the objective accomplishments of our 
NCWCC. Certainly it is not presumptious to remind you 
of the fact that it is the largest organization of its 
type in the world and I am further confident in stating 
that no other similar organization in the agricultural 
field has, in so short a time in past history, directed 
and promoted a development of equal scope in area 
effected and economic advantage to agriculture. As I 
indicated eariier we have perhaps been lucky, though 
rash, in some instances but the fact remains that the 
recommendations for weed control practices presented 
in our original policy report in 1946 have in no case 
been radically replaced and we have only had to slightly 
modify and develop Uhese basic recomuendations in policy 
reports of subsequent years. I personally feei that in 
the early years of the deveiopment of the NCWCC, our 
policy report was the most important and worthwhile de- 
velopment coming from the organization. Based on the 
latest and best information of our research and the 
practical consideration of agricultural extension, state 
and provincial regulatory, and commercial cooperators, 
and early policy reports have had an influence in develop- 
ing modern weed cgntrol practices far beyond the geogra- 
phical limits of this conference group. They have serv- 
ed as an early availabie and dependable outline for com- 
mercial furmulators in iabeling their products and in 
making conservative recommendations for use of these pro- 
ducts. In addition, the basic policy report has served 
as a guide in the preparation of state and provincial 
extension publications and the text oi the policy report 
has been wisely publicized and circularized through 
trade and farm magazines and newspapers. 


A number of people in this organization have re- 
cently expressed the opinion that the usefulness of the 
annual policy report as representing the summarized 
iatest deveiopments in weed control research as evaluat- 
ed by the NCWCC is now reaching the point of dimishing 


returns. If these opinions are well founded, then the 
NCWCC itself is likewise reaching the point of dimish- 
ing returns. Have we now fully exploited the possi- 
bilities of more specific herbicides; fully explored 
the possible uses of presently available herbicides; 
perfected methods and equipment for field practice in 
weed control? If these original objectives of the 
NCWCC are now fully accomplished and through educa- 
tional and extension activities are now in maximum 
field practice this organization has reached the 
point of diminishing returns. The answer to any or 
all of these questions in the light of ever growing 
interest in, and appreciation of, the modern develop- 
ments in weed control practices; the ever growing 
mumber of new and highly specific herbicides, and 
finally, the continued interest of Conference members 
as evidenced by attendance at this our eighth annual 
meeting, indicates that while we may, even now improve 
the health of the organization with a bit of "doctor- 
ing," there is nothing to indicate the immediate need 
for an undertaker. 


THE ROLE OF INDUSTRY IN WEED CONTROL 


Ernest Hart 


I am honored to have the opportunity to address 
this audience of distinguished scientists, control 
officers, and my friends from both the chemical and 
applicator industry who are attending this 8th North 
Central Weed Control Conference. 


I have been following the work of this Conference 
for a mumber of years and mst congratulate you all 
upon the fine work you have done and the great service 
that has been rendered to national agriculture by 
your activities. Your programs have been and are so 
complete that many of the points I shall make no doubt 
will have been in your minds before, but by repetition 
perhaps tney will be emphasized and amplified, and I 
trust in some cases, thought-provoking. 


This Conference typifies the unique and happy 
cooperative union which has been taking place during 
the past decade between the scientists occupying 
official positions, regulatory officials, and industry. 


Since the end of all agricultural research, 
rezulation and manufacturing is to serve the best 
interests of the same people (our American farmers), 
it is natural that this union should come into being, 
and that should feed and grow upon the rutual con- 
fidence that we all have in each other. 


The researcher mst find products ‘which the far- 
mer can and will successfully use on his crops. The 
regulatory official can not function unless he has 
manufactured products to regulate. Therefore, the 
manufacturer becomes the third member of this trium- 
virate as he produces and distributes in quantity the 
requirec products. The role of industry in weed con- 
trol, therefore, is obviously to assist in creating 
and screening chemical compounds, and in producing 
these compounds which in turn may be made useful for 
weed control by conversion into useful formations or 
specifics. 


Now let us examine the requirements of industry 
to successfully carry out its role. While this analysis 


will be of an elementary nature, I hope you may find 
some clues which may aid in efficient planning on the 
part of all of us. 


In general field of agricultural chemicals and is 
respect to herbicides in particular, there are literally 
scores of conditions and specifications which mst be 
met before a manufacturer can successfully market a 
usable product. I am going to outline some of the 
more important of these, and in doing so, for the pur- 
pose of saving time, I should like to have you consider 
inclusively both the agricultural and the industrial 
phases of weed control although some of my points, 
particularly with regard to reguiation, will bear 
upon the herbicides used in economic agriculture. 

I shall mention now a few of the principal steps that 
industry or the manufacturer must go through in order 
to place in the user's hands a package of lrinished 
herbdici‘le formulation such as is represented by this 
nackage. (Display can) 


First, he must commana very substantial sums of 
noney. This is capital needed to construct buildings, 
sesign and purchase machinery and equipment, purchase 
raw materials, finance both raw materials and finished 
inver.tories or stocks of goods, finance wages, power, 
sales and administrative expenses, accounts receivable 
or crecit sales, research, and the multitudinous other 
elements which enter into a chemical or avplicator 
production business. Incustrial capital can only be 
attracted by the promise of sound growth and by profits, 
1.e., dividends. Therefore, the enterprise must be 
better than average in order to attract the necessary 
capital, particularly in a new field such as herbi- 
cides, where the quick obsolescence of established 
materials is almost certain due to the prodigious 
effort being made on the part of all of us to discover 
new and better compounds and equipment to replace 
those now in use, anc where the seasonal nature of 
use results in low rate of turnover or high inventories 
produced months in advance of sale. There are also 
2ifficulties in attracting capita! to a business where 
the known hazards, particularly of product liability, 
are greater than normal anc where the hope ror higher 
than normal profits does not exist. 


Second, the manufacturer must have a product or a 
line of products to manufacture. For purposes of 
illustration, let us take 2,l-D as a typical example 
of such a product. Having decided to produce 2,4-D, 
the manufacturer, if he is provident, must begin by 
determining the economics of his program. Will the 
cost per acre of appliec formulations be competitive 
with other known or coming materials? Will the cost 
per acre be in line with the ability of the farmer to 
pay so that he too can make a profit on his operations? 
Will the raw materials be available at prices and in 
quantities to make continuous production possible? 
Are machinery or equipment and "know-how" available 
to insure the successful production on a quantity 
basis, and in production can quality control measures 
be applied which will assure a definitely uniform 
finished product, day in and day out? Are the toxi- 
cological and other required factors such as to 
indicate that acceptance by Federal and State author- 
ities for registration can be secured? Are the raw 
materials required used as basic or intermediate 
chemicals in the production of other products, and 
how valuable are they to producers of these other 
oroducts? In the case of phenol, which is basic in 


the production of 2,l-D, there is a tremendous cur- 
rent use for this material in the production of 
plastics and it is in limited supply. Therefore, those 
who have risked their capital for the production of 
phenol will no doubt prefer to sell their limited 
supply in markets where they can secure the greatest 
profite Perhaps this would be in plastics and not in 
the herbicide field. 


Well, if the answer to all of these questions, and 
many more, is "Yes", which is seldom the case, he must 
then proceed with the determination of some additional 
factors such as these: Can the product be made in the 
plants already established by him or in the incustry? 
If unfortunately he finds, as is the case with 2,l)-D 
and many other growth regulators, that even minute 
quantities of the product will contaminate other chemi- 
cals used in agriculture, he will come to the conclusion 
that he must erect separate isolated facilites for pro- 
duction, that he must store the material in isolated 
warehouses, and frequently that he can not even ship 
the material in cars or truckscontaining other products 


intenced for the farm because of the danger of contamina- 
tion. 


He must give deep anc detailed attention to solving 
the questions which are posed by the necessity of 
Federal and State regulations prior to sale. These 
studies and the accumulation of acceptable data involve 
a complete understanding of the human toxicity factors 
with respect to both chronic and acute toxicity resulting 
from inhalation, ingestion, skin absorption, together 
with symptoms, information on first aid, etc.; then the 
phytotoxic factors, the necessity for use, and the 
efficiency of the product for the purpose intended. 

He must establish complete and satisfactory directions 
for use with respect to various crops and pests, 
indicating the quantities, dilutions, times of applica- 
tion, etc. He must have in hand a suitable antidote if 
the product is a poison. He mst have methods of 
analysis which will determine mimute quantities of pos- 
sible residues. He must determine which plants are 
sensitive to the material and which are not. He must 
have information pertaining to persistence in soil, 
corrosion of applicator equipment, fire hazards, etc., 
precautions required in storing the material. All of 
these matters and many others must be supported by 
technical data adequate to satisfy the law enforcement 
official, both Federal and State. The problem is 
further complicated by the fact well known to you all 
that in these forty-eight States we have no uniformity 
of regulatory laws regarcing herbicides and the States 
could be further apart as time goes on. 


Then there is a final hazard typified by new 
regulatory laws or new State legislation which is that 
the manufacturer, having solved all of the problems I 
have just enumerated, may find on some Wonday morning 
that he has been legislated out of business by a regula- 
tion or State law which prohibits or restricts the sale 
of his product in a State, and for reasons for which he 
is not responsible. If we are going to have continuous 
development, as I am sure we are in the herbicide 
industry, attention mst be given to unifying State laws, 
preferably in line with Federal requirements. 


Next, the manufacturer has a problem pertaining to 
compatibility not only because of the necessity for 
producing various specific formulations of the basic 
product but also perhaps because of the nature of the 
equipment in which it is going to be used. You can 
imagine what might happen with respect to equipment if 


we found that we had created a number of specific 
herbicides which were incompatible with each other in 
various prescriptions which might be required by the 
grower, or where we would finc ourselves in the position 
of having contamination one with the other following use 
in either airplane or ground equipment. You can also 
well imagine the manufacturing problems which might be 
created by attempting to produce a large number of 
compounds which reacted unfavorably upon each other. We 
all know that plenty of trouble has been faced in this 
direction already. 


Next comes the question of stability. If informa- 
tion is not complete regarding the stability of the 
material from the time it is produced until it is finally 
used, which involves the period it is held in packages on 
the shelves or on the farm, which might be two or three 
years, you know what would happen if product changes 
had occurred during this period and the hazards and 
liabilities which would occur as a result of same. The 
hazard of lack of stability of compounds and formula- 
tions of the organic nature we are now dealing with is 
especially pronounced. One of the difficulties for the 
manufacturer in connection with stability is that only 
time can produce the necessary data, and it has in most 
cases proved to be unwise to depend upon accelerated 
time tests to make these stability determinations, 


Next comes the package problem. This, of course, 
is involved with stability, with cost, convenience to 
the user, and with availability particularly if special 
treatments or linings are required. In these times, 
metal packages particularly are difficult to obtain 
and serious problems are posed by the necessity for 
using specific types of packages for herbicide chemicals. 
Then, there is the question of what to do with the 
packages after they have been used for containers for 
herbicide chemicals. There is great risk of contamina- 
tion in doing anything with them except destroying them, 
and the problem of actual destruction of metal packages 
is no simple one for the user. There have been too 
many cases where re-used packages have resulted in 
contamination of other chemicals by growth regulators 
which have caused tremendous damage and created substan- 
tial losses for manufacturers. 


On this package which I am holding, for example, 
you will note the purple band. I am sure that most of 
you are familiar with the voluntary industry program 
which has been carried out in an attempt to earmark 
every package used for 2,)-D formulations particularly, 
which may now be identified no matter who the producer 
is as having been used for this purpose. This is a 
protection for buyers of second hand or used packages 
and is a protection for users who may in some cases 
desire to use the drums for containing other material 
after they have been used for 2,})-D. 


I shall not have time to elaborate upon the question 
of soil contamination, taste and odor contamination; 
etc., but these must be carefully examined as well as 
other elements. 


I do wish to point out, however, that there is a 
very important final situation that must be resolved 
and that is the hazard to employees engaged in the 
production of such products. We all operate under 
State and Federal factory safety and health laws and 
there is no use to attempt to produce a chemical which 
can not be manufactured by a process which will make 
it possible to comply with these laws and to prevent 
injury and sickness to those engaged in the processing, 


packaging and shipping of the product. 


An example of these is the difficulty encountered 
in the early days in producing and packaging Parathion 
formulations. I am mentioning it merely because this 
is a factor seldom taken into account for these new 
herbicide chemicals and is one which could well inter- 
fere with successful exploitation of a compound after 
all of the other conditions were met. 


Of course the next step is the necessity for 
screening, greenhouse and field trials, demonstrational 
selling etc. 


Last but by no means least, I mst mention more 
specifically the matter of product liability. Under 
some circumstances manufacturers are liable for damage 
to property or persons as a result of the use or hand- 
ling of a product which they manufacture or which they 
recommend for specific uses. The field of herbicide 
production represents the greatest hazard in respect 
to product liability that our industry has ever exper- 
ienced and in some cases we have records of the fact 
that claims for liability to the manufacturer have 
exceeded in dollar volume the total sales volume in 
a single year and it is no secret that these liability 
suits for damage have run into millions of dollars. 
The situation has even gotten to the point that at 
least one case I am familiar with, an agricultural 
college has been sued, and I believe they settled, 
because of erroneous recommendations which were made 
with respect to an agricultural chemical. This is a 
matter which can not be viewed lightly and is a 
definite restrictive factor in respect to some of our 
best chemical companies entering the field of herbicide 
development. 


Having reviewed a few of the major problems which 
confront industry in its role of production for the 
herbicide market, I suppose it is proper to craw the 
conclusion that anybody who enters this business is 
out of his mind, and I am not so sure that that is not 
a correct conclusion, particularly since I have not 
yet mentioned the competitive factors which manufac- 
turers must deal with among themselves as, having 
solved all of the problems I have mentioned, there is 
no assurance that the market or even a share of it can 
be captured by the manufacturer I have described. 


Neither have I mentioned the overhead and expense 
involved in the necessary research and technical staff 
which must be maintained by any manufacturer in this 
field if he is to avoid pitfalls, make successful 
formlations and be competitive in the market place. 
Now days most manufacturers find it necessary to have 
technical staffs which include a great variety of skills 
including entomologists, pathologists, agronomists, 
bacteriologists, horticulturists, physicists, organic 
chemists, chemical engineers, etc. 


I believe that three rather clear conclusions may 
be drawn from the picture I have attempted to paint. 
One is that new compounds for herbicidal use are not 
going to be produced and marketed in quantity in jig 
time. Years of work and development must necessarily 
follow the discovery of promising compounds. 


The second conclusion is that nothing short of a 
miracle has been performed for agriculture in the light 
of what you have heard when you consider that in 1950 
ané 1951 close to 25,000,000 pounds of 2,l-D acid was 
produced by our industry for use by agriculture in 


various formations. This means millions of pounds 
more of actual finished product. I am advised that 
the U. S. Department of Agriculture is estimating 
that the supply of 2,l-D products in 1952 season or 
using year will be 15% to 20% greater than last year. 


The third conclusion is that in view of the 
requirements which I have indicated, there is the 
absolute necessity for official scientists, regula- 
tory officials and manufacturers to go cown the road 
shoulder to shoulder in a cooperative effort which 
will result in a common understanding of the speci-~ 
fications required of a herbicidal compound before 
it can hope to run the gamut from discovery to use- 
ful sale. In my opinion, every researcher should 
have all of these points in mind as he probes for new 
compounds or formulations. Otherwise it would be 
like inventing an automobile with no roads to run on. 


Now I would like to say a work in regard to appli- 
cators. Types of applicators may be divided into 
aerial and ground equipment. There are, according*to 
the latest statistical information available, some- 
thing more than 1500 operators in the United States 
who are conducting the business of aerial application 
of agricultural chemicals. I do not know how many 
planes may be involved but certainly it is a very, 
very substantial mumber. These operators are esti- 
mated to have treated 21,000,000 acres of farm land 
last year with agricultural chemicals, mostly pesti- 
cides and herbicides and here in the State of Okla- 
homa, as a matter of information, it is estimated 
that there are about 35 operators and that something 
in the area of a million acres were treated during 
the past year. There are, of course, in active use 
many thousand of ground type machines of all sizes, 
types and kincs. 

A very serious problem exists with respect to both 
air and ground applicator equipment. The airplanes in 
use are of all kinds and descriptions and the distri- 
buting apparatus employed in the planes is just about 
as heterogeneous as anything could be because it is 
for the most part designed individually by the owners 
who use the equipment. 

In the case of ground machines, there is in many 
cases much to be desired in respect to the coordina- 
tion of engineering and design to fit with the chemi- 
cal aspects of the problem and the distribution 
requirements on the scores of different crops to be 
treated, 


In both cases these machines are largely used by 
non-professional people, including farmers, and the 
applications are by and large non-technical in nature. 
The result, of course, is lack of uniformity in 
results, unexpected injury to crops, and many times 
unexpected liabilities. 


We all know, of course, that the hectic search for 
new chemical compounds in the agricultural field has 
resulted in the realization of techniques and a fund 
of information far in excess of that possessed by the 
engineers, designers and manufacturers who are attempt- 
ing to keep up with the parade in applicators. I can 
not emphasize too strongly the immediate and dire 
necessity of devoting more and more of our scientific 
attention to coordinating and meshing together the 
mutual requirements of applicators and materials. I 
can make this indictment with ease because our own com 
pany has been engaged in applicator equipment produc- 
tion for many years and we are finding it more and more 
difficult to coordinate our machine improvements 
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with the rapid steps which are being taken in chemical 
development. 


There is a great and crying need for more educa~ 
tion in the use of chemicals and applicators right 
down the line through the manufacturers, dealers, 
users and those who are concerned with making recom- 
mendations to farmers and assisting in securing 
results. I can observe a great lack of balance between 
the search for new chemical compounds and the develop- 
ment of improved applicators, both air and ground, and 
the education of those concerned with both of these 
products in final use. 


I must pause, however, to say a word of praise for 
the group of cooperators, including Texas A&M College, 
the Civil Aeronautics Administration, and many others, 
tor they have begun the development of a farm aircraft 
which in time will, I am sure, prove to be a tremendous 
step toward the standardization of such equipment. 


Now no assay of the role of the manufacturer in 
weed control would be complete without a brief glance 
at the Washington scene where all kinds of inhibitors 
are at work which could result in retarding for an 
indefinite period the pace at which weed control devel- 
opments can proceed. The NPA and other agencies have 
placed restrictions upon the use of certain materials 
for specific purposes and have made allocations, 
usually limiting the basic materials which are to be 
used in all industries, including ours. As long as 
these controls contime there will be little oppor- 
tunity for progress in the production of new chemicals 
for weed control purposes or any other. 


The price regulations imposed by the OPS are a 
distinct restraining factor in all new development pro- 
jects. The policies of our government with respect to 
taxation, particularly of corporations due to the 
excess profits provisions, will give pause to people 
with capital who may be considering investment in new 
enterprises pertaining to our industry. 


Current political aspects of the situation in 
Washington pointed up by the various investigations 
of practically everything in the book brings me to a 
mention of the Delaney Committee, who are investiga- 
ting the use of chemicals in foods and on food crops. 
Most of you are familiar with the progress of these 
hearings and the type of testimony which has »een put 
into the record. I have reason to believe that the 
recommendations of this committee for new legislation 
by, the Congress, if accepted by Congress, will result 
in almost insurmountable difficulties in bringing in- 
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to practice in agriculture new and improved materials 
for any use, including weed control. 


At this very moment, hearings of this committee 
are being conducted on the West Coast and the press 
is continuing to emphasize spectacular and in some 
cases, we believe, unsupported testimony with respect 
to the deleterious effect of the use of chemicals in 
the food supply and in agriculture. Steps are being 
taken by our agricultural chemicals association, farm 
groups and others who are interested, to try to bal- 


- ance the adverse testimony with factual presentations 


regarding the merits of our various programs and I 
hope that we will find sufficient support so that it 
will never come to pass that a group of two or three 
men in Washington will have the power to determine 
whether or not data presented for the registration 
and introduction of new materials is adequate to per- 
mit their sale to the public. Even now, reputable 
manufacturers, with what appears to be adequate data 
on the points which I have mentioned during this talk, 
are having difficulty in obtaining registration for 
new products. 


Now I thing we should take a look at the basic 
reason for all of these Washington activities as 
they are sure to affect all of our activities and our 
lives for, I believe, many years to come. I believe 
from the economic standpoint we are entering a period. 
of what I call the "arsenal state", where it will be 
necessary for us to continue on a high tax basis to 
provide a going and a stand-by munitions industry, 
which will properly protect our defenses. Inasmuch 
as food and fiber are now major strategic materials 
both for ourselves and our allies, these items will 
also be included in our stockpiles and in our strate- 
gic planning as far as it is possible. 


From the chemical standpoint, and perhaps from 
the metal standpoint in respect to equipment, there- 
fore, our industries #ill be in competition for many 
years with strategic materials which are required to 
continue the "arsenal state" at a high level of 
efficiency. This poses a very serious problem because 
many of our newer and better materials, including 
herbicides, now require as raw materials the same 
strategic chemical bases and intermediates which are 
required in the military set-up. Simple examples 
are phenol, chlorine, benzol, alcohol, sulphur and 
many others. This is equally true of containers,fac- 
tory equipment, labor and many other elements. It is 
going to be a continuous fight in my opinion to keep 


in balance the needs of agriculture with the needs 
(Contimed on the next page) 


of other segments of the economy with respect to our 
requirements of chemicals and metals. 

I am not critical of this policy on the part of 
the government because it is a fact, of course, that 
the European armament industries are probably mostly 
lost to us and during the last two World Wars we 
depended in the first one or two of these war years 
upon the reserves of munitions of war held in the 
arsenals of our allies in Europe. I only need mention 
that French 75's were standard equipment in our armed 
forces; that American-made rifles were not used in the 
first World War until it was almost over; that muni- 
tions of various kinds had to be drawn from our allied 
arsenals until sufficient time had elapsed for the 
conversion of our peacetime industry to a military 
basis. Such a complete conversion as occurred in the 
last war will not occur again because our government 
is deliberately sponsoring the development of a guns 
and butter economy which will result in a permanent 
munitions industry so that we shall no longer be 
dependent upon a year or two breather in order to get 
ready for the next conflict, if any. 


Therefore, as our industry as well as agriculture 
becomes a part of this new economy, it will be ina 
highly competitive position for its raw materials and 
so mst place itself in a highly efficient position 
to use properly and economically those elements which 
are available, and to maintain a flexible position in 
respect to the production, registration and use of new 
products. Thus, improvement in our relative position 
with other industries may be accomplished promptly and 
without unnecessary interference. 


There is a real challenge ahead of us during the 
next few years. During this trying period, however, 
we will have the satisfaction of sitting in on the 
birth of what is destinated an important and essential 

ricultural chemical industry, of which weed control 
7 chemicals will be a very vital segment. If the 
baby is to grow into healthy manhood, we therefore must 
understand each other's role in the program and we mst 
nurture the fine relationship now existing between us 
all. In this manner, we will be meeting the challenge 
of the future by working together shoulder to shoulder 
for the progress of AMerican agriculture, and in partic- 
ular, chemical agriculture, which like death and taxes, 
is here stay! 


FUNDAMENTAL CONCEPTS OF HORMONAL CONTROL OF GROWTH 
IN PLANTS 


Louis G. Nickell and George S. Avery, Jr. 


May we preface these remarks by quoting from the 
book, "Hormones and Horticulture,” which most of you 
kmow was written by Dr. Avery and his associates. 


Introduction. "A chemical revolution is sweeping 
thro agricultural world. It is unrivaled by 
any of the previous great advances in agriculture, and, 
perhaps, by most advances in the biological field. For 
the first time, man can change the pattern of growth 
and development of plants, can retard growth here or 
speed it there. The growth-controlling hormones and 
other chemicals now in use are but crude beginnings. 


The present chemical advance in no way lessens 
the importance of the great developments of the past. 
Mechanical inventions such as the steel plow, the 
drill, the combine-harvester, and the cotton picker 
were great forward steps in agricultural progress. 
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But the idea is no longer new. Although the period 

of agricultural machine development is not over, the 
applications of such machinery to problems of produc- 
tion are well in hand. In agriculture as in industry, 
mass production--the cultivation of extensive acreage 
with only a few men--is one of the important consequences 
of the machine. 


Abundance of crops has always been a necessity for 
the well-being of any nation with an agricultural 
economy. Once the virgin fertility of agricultural 
soils approached exhaustion, the matter of fertiliza- 
tion demanded attention. This was a biological and 
chemical problem in the control of plant growth. It 
was discovered long ago that certain elements are 
essential for the growth of all plants (nitrogen, 
phosphorus, potassium, calcium, etc.) and that some 
soils are deficient in one or more of these. It was 
also found that traces of certain other elements 
(manganese, boron, zinc, etc.) are required for the 
satisfactory growth of many kinds of plants. Such 
ciscoveries were the very foundation of the fertilizer 
industry and have gone far toward making possible 
the economic production of crops in areas that might 
otherwise constitute marginal land. 


Another great advance in agriculture has been in 
the field of plant breeding, in which new varieties 
and strains of plants have been produced which are 
high yielding, disease-resistant, and in many other 
ways improved for the use of man. Hybridization of 
corn is an outstanding example wherein the advantages 
of ‘hybrid vigor' were made available to the average 
agriculturist. 


The present great advance we interpret as a real 
chemical revolution in agricultural practice. The 
4PpPlication of chemistry to soil fertilization and 
the protection of crops against the ravages of insect 
and fungus pests were important but not revolutionary. 
With the current efforts to regulate growth by the 
application of minute amounts of growth-controlling 
hormones we enter an important new era. 


The new practices rest heavily on fundamental 
infestigations in plant physiology carried on in 
government-supported experiment station, endowed 
plant-research institutions, state and privately 
supported colleges and universities, and the research 
laboratories of the chemical industry. All the topics 
discussed here have in common an important concept of 
present-day biology: the regulation of growth by 
minute quantities of specific chemical substances, i.e., 
the hormonal control of growth. There are some who 
question the importance of theoretical research in 
any field, but let them consider the applications 
that already have sprung from this one basic concept- 
and in less than twenty years." 


The term growth-regulator is, after all, a 
rather loose and all-embrasive term. Everything 
which affects growth is in a sense a growth regulator- 
even the sun. Consider--if we leave out the sun, 
where arewe? Our object today is to discuss one class 
of growth-regulators, plant hormones. For purposes 
of this discussion, a hormone is any organic chemical 
substance, naturally occurring or synthetic, which 
in very low concentrations affect growth and or 
metabolism--at the site where naturally produced, or 
applied, as well as at sites to which it may be 
transported. 


The hormonal role of indoleacetic acid (IAA) was 
discovered in 193i. This was the first naturally 


occurring hormone to be definitely identified, the 
occurrence of which could be repeatedly confirmed. 

The compound had been chemically known 50 years before 
its hormonal role was discovered (Salkowski, 1885). 
And nine years before the compound was known as a 
hormone, its chemical synthesis had been worked out 
(Majima and Hoshino, 1925). 


Production and storage of hormones in living plants. 
The natural production of hormones in plants occurs in 
areas where embryonic tissues dominate, e.g., all 
growing points such as stem tips and root tips. 
Hormones are stored in the plant in certain areas. 
Cereal grasses, for example, contain high concentra- 
tions of hormones which are at maturity stored in the 
seeds. 


Role of hormones in the plant's response to light 
and gravity. The response of all green plants to 
li-ht and gravity is hormone controlled. Plants turn 
toward the light because after exposure to light the 
hormone concentration is greater in the tissues on 
the darkened side. This higher hormone concentration 
on the darkened side leads to greater growth, and 
therefore a bending of the stem tip toward the light. 


The response of green plants to gravity is also 
hormone controlled. It is common knowledge that if a 
plant is placed horizontally the stem tip will turn 
upward anc the roots will grow downward. The explana- 
tion of the gravity response is that the hormones 
react positively to gravity anc therefore migrate to 
the lower side of the horizontally placed stem or root. 
The higher concentration in the lower part of the stem 
tip causes a stimulation of gru.th anu resultant up- 
ward curvature. However, it so hanpens that in roots 
higher concentrations inhibit growth, so growth of 
the lower side of the root is inhibited and the 
resultant curvature is toward gravity. 


Physiological activity of synthetic hormones. It 
is obviously impossible to review the contents of the 
many able works in the hormone field, hence we are 
confining these brief remarks to that part of the sub- 
ject where the applied and basic researches overlap. 

In 1935, Zimmerman and Wilcoxon reported on the 
physiologicel activity of certain synthetic hormones. 
The more important of these were naphthaleneacetic 

acid (NAA) and indolebutyric acid (IPA). In 1938, 
Irvine established the fact that naphthoxyacetic acid 
(NOA) is also a plant hormone. In 1942, Zimnerman and 
Hitchcock reported on the formative effects of 
2,u-dichlorophenoxyacetic acid (2,l-D) on plant growth. 
A year later it was shown that 2,l4-D induced hormone- 
like responses in growing plants (Zimmerman, 193). 
These four synthetic hormones, discovered over a period 


of 6 years, all induce the same kinds of plant responses, 


but to different degrees. The relative effectiveness 
of a given compound on growth depends upon the species 
of plant involvec, and the kind and concentration of 
the chemical employed (Table 1). 


An enumeration of the various effects of hor- 
mones on plant growth will serve to show the funda- 
mental role of this group of chemicals (Table II). 


From the list presented, the striking thing is 
that the same hormones appear again and again in con- 
nection with many different aspects of growth. Why 
is it, for example, that NAA causes prolonging of 
bloom of open flowers, yet induces young fruits to 
drop off---and nearly mature fruits to stay on? This 
is indeed a paradox. 


Table I. Relative Activity of Different Hormones 
in Bringing About Various Plant Responses. 


To incicate response, the figure 1 indicates the 
least active hormone; the higher numbers indicate 
greater activity. Thus in the bending of oat seedlings, 
IAA is 500 time as active as 2,l-D (per unit weight). 


Kind of Plant and Response 


Oat Tomato ‘omato Various 
Hormone Seedling Stem Seedless Plants 
Bending Bending Fruit Abnormal 
Production Growth 
TAA 500 20 1 Inactive 
NAA 100 20 1 Inactive 
IBA 25 1 2 Inactive 
NOA Inactive 2 50 1 
2,u-D 1 20 500 3 
Adapted from "Hormones and Horticulture” 
Table II. Processes Affected by Plant Hormones 


Control Wost Effective 
of Compounds 
Abscission, leaf NAA IAA 2,h-D 
Abscission, in plant breeding NAA 
Rooting TEA 2,4-D 2,h,5-T# 
Inhibition of bud growth in NAA IAA 2,4-D 
storage 
Wound healing NAA IBA 
Parthenocarpy p-CIPA* NOA 
Flower opening MH+ 
Ripening of fruit NAA 2,h-D 2,4,5-T 
Fruit growth NOA p-CIPA 2,h,5-T 
Prolonging of bloom NOA NAA p-=CIPA 
Fruit thinning NAA 
Fruit drop NAA 2,h-D 
* 2,4,5-T * 2,4,5-trichlorophenoxyacetic acid 
p-CIPA = p-chlorophenoxyacetic acid 
Mi = maleic hydrazide 


Penetration and transport. To be effective, hor- 
mones, synthetic or otherwise, must penetrate the plant 
and be transportec to sites where growth and metabolism 
can be controlled, i.e., to growing regions potentially 
capable of growth. The reason for the preparation of 
so many different cnemical forms of the same hormone 
is to cover the exigencies of the phenomenon of penetra- 
tion. The acid and salt forms, being mostly water 
soluble, are readily absorbed by root systems and by 
most leaves and stems. However, the above-ground parts 
£ many kinds of plants are covered by waxy layers. 


These frequently repel the acid and salt forms, but not 
the esters. The latter are soluble in organic solvents . 
and are often better able to penetrate the waxy out- 
side covering of green plants. 


Once inside the plants, the matter of hormone 
transport becomes the important factor; these compounds 
move in all directions. Movement in the upward direc- 
tion is through the dead tissue of the tubular channels 
that carry water, and hence is very rapid. Downward 
movement is through living tissue and therefore slower. 


Effects on growth and metabolism. Hormones have 
many obvious sthects on the growth and metabolism of 
plants. Basic researches indicate that they achieve 
such responses through effects on enzymens. Tumor 
formation, mobilization of carbohydrates, and inhibi- 
tion or stimlation of respiration, according to the 
concentration used, are but a few of these responses. 


Within the realm of the effects on growth and 
metabolism arise many experimental links to other 
field. One of these is the growth factor role in 
tissues grown in artificial culture. For example, 
recent work has shown that hormones are necessary as 
growth factors for certain excised plant parts, i.¢., 
they must be present in the nutrient medium in which 
the plant tissue is being cultured. Sterilized tomato 
flowers separated from the plant and grow in flasks 
on synthetic media failed to develop into mature fruit 
unless sterile juice from either green or red tomatoes 
was added to the mediums; the tomato juice was found to 
be replaced by NOA (Nitsch, 1949a,b). Naylor and 
Rappaport (1950) found that IAA was necessary for con- 
tinued, uniform, and reproducible growth of pea roots 
in sterile culture. 


Furthermore, the induction of non-pathological 
tumor-like growths as permanent cultures is possible 
only through the use of hormones (Nickell, 1951). 


Another link is to the field of plant pathology. 
When sprayed on plants, hormones frequently induce 
growth responses similar to those resulting from virus 
diseases (Fisher et al., 1946; Citerri, 1949, Nickell, 
1952). Conversely, from the literature on hormones 
of the "weed-killer" type, it is evident that conifers, 
ferns, and their relatives are relatively resistant to 
the herbicidal action of hormones. A check with plant 
virus investigators confirms, to date, a lack of known 
virus diseases in these plant groups. Can it be that 
the mechanisms of resistance or immunity to viruses, and 
to applied hormones, are the same, or at least similar? 


Hormone Weed Killers. To summarize in part, the 
practical application of plant hormones in the field 
of horticulture, and agriculture generally, during the 
past decade has emphasized the importance of these and 
other physiologically active chemical compounds in the 
control of plant growth. Probably the best known appli- 
cation of synthetic plant hormones has been the extreme 
case where the patient dies; in short, hormones as "weed 
killers". It is the seven-year-old discovery of 2,),-D 
as a weed-killer that brings us to Oklahoma City for 
this meeting. As fate would have it, however, 1951 is 
more important than a seventh anniversary. It was 10 
years ago that Pokorny first discovered 2,/,;-D and 
reported its chemical properties. 


The various groups of herbicides have no apparent 
common denominator of chemical structure. Some are 
hormonal and some are not. The phenoxy group of com- 
pounds is thus far the only hormone group that also 


possesses practical weed killing properties. Carbamates 
and maleic hydrazide must be used at higher than what 
are considered hormone concentrations to kill weeds. 


The important place of hormones in weed control is 
due primarily to their selective action. This dif- 
ferential action on various groups of plants, especi- 
ally between monocots and dicots, was originally 
thought to be due to basic differences in the action 
of hormones on the two types. More recent work, how- 
ever, has put forward the probability that the mechanism 
is the same in both groups, and that the plants react 
in the same way, (provided the hormone actually 
penetrates). The difference in reaction is postulated 
as follows (with some evidence to substantiate it): 
when hormones penetrate and are translocated, the 
reaction in monocots is similar in nature to that in 
dicots, but is localized; as a result, the gross 
structural responses so commonly associated with 
hormone action are not evident. A further considera- 
tion is the protective masking of the stem growing ti> 
in monocots from actual physical contact with the 
applied hormone (as in onion or the cereal grasses). 


Conclusion. Within the last decade, research on the 
practical aspects of plant hormone use has far out- 
stripped the field of basic research. There can be 
little question that this is not good long-range policy. 
In allotment of funds and number of investigators 
involved, applied research exceeds the fundamental 
research by probably 25 to 1. In consequence, the 
mechanism of herbicidal action is no clearer today 
than it was a half dozen years ago! 


Workers seeking a fruitful though difficult problem, 
as well as those alloting research funds, might well 
scan closely the need for greater knowledge of "how 
and why" in the weed-killer field--rather than more 
and more of "what and when." 
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WORD OF GREETING TO THE MEMBERS OF THE 


INDUSTRY GROUP 


E. P. Sylwester 


I assure you that it is a genuine pleasure for me 
as President to officially bring greetings from the 
Board of Directors of the North Central Weed Control 
Conference to this group. I see many of you individ- 
ually at various times. This time I see many of you 
at one time. I think right here is reflected just the 
thing 1 spoke about this morning, namely, cooperation. 
You as individuals belong to various competitive con- 
cerns. There is among you rivalry, naturally, because 
you are interested in selling the same ideas and methods 
of weed control. It may be hard under certain condi- 
tions for you to keep an even keel in light of intense 
competition. However, I know from past experience, 
and certainly do I know that during the past year, that 
in promoting the work of this conference you have sub- 
merged your own individual differences in order to 
work for the common good. When occasion has demanded 
you have all put your shoulders to the wheel to fur- 
ther the general cause of weed control. 


I want you to know how deeply the Board of Directors 
have appreciated both your moral and financial support. 
At our meeting of the Board of Directors last night 
there was not even one single remotely disparaging word 
spoken concerning industrial groups or other groups 
associated with this conference. I think that coopera- 
tion in all respects between all sections of our con- 
ference is at an all time high. It is up to us individ- 
ually and collectively to keep it that way. I heard 
nothing but words of praise for your endeavors to assist 
us financially and to constructively criticize us and 
show us where we can do better. 


Mr. Anderson, your genial and energetic representa- 
tive on the Board of Directors can vouch for those 
statements. 


We appreciate your effort in the direction of herbi- 
cide standardization. We really appreciate that effort. 
It has made our work easier and has given opportunity 
for our industrial concerns, our research, regulatory 
and extensiongroups and our applications groups to more 
or less tell the same story to our constituents. We 
thoroughly appreciate and commend you as representatives 
of industry for aiding us in our research, regulatory 
and educational programs. You all know how you have 
aided us in various respects. You have furnished our 
research people chemicals and equipment. You have given 
us the benefits of your thinking along industrial and 
educational lines. You have supplied our educational 
agencies with equipment and chemicals. All this has been 


«lhe 


done by you in the common cause of weed control, agri- 
culture's No. 2 pest. By following the recommendations 
of the policy committee you have become educational 
salesmen as well as material salesmen and in this 
respect you have aided and abetted our work as educa- 
tors. After all if we all tell the same story it 
multiplies our individual efforts tremendously. 


You have many individual meetings as representa- 
tives of your various concerns. When we all tell 
essentially the same story it makes for better reception 
among our listeners. That is why in this area encom- 
passed by this conference, even though various soil 
and climatic conditions prevail, the general recom- 


mendations tempered by state situations are in general 
effect. 


Let us all look forward to continued mutual cooper- 
ation in the future even more enthusiastically and to 
a greater extent than in the past. 


Thank you very much. 


INDUSTRY'S CONTRIBUTION TO WEED CONTROL 
L. M. Stahler 


The agricultural chemical industry has played a 
more essential part in the development of modern weed 
control research and field practice than in any com- 
parable modern development in the history of our agri- 
culture, The close cooperation between industry and 
tax supported research, extension or regulatory agencies 
in this develonment has without question been expedient 
and of mutual benefit to all concerned. This associa- 
tion is not unique to weed control developments, but it 
has been more fully exploited in recent developments in 
weed control and in the North Central Weed Control Con- 


ference, specifically, than in any comparable undertaking 
or organization. 


Weed control research is a new field of science 
and early workers in this new field were logically 
unhampered by moth eaten conventions and prudish intro- 
verted ethics that had established a barrier of polite 
suspicion and restrained intercourse between tax sup- 
ported agricultural research and promotional institutions 
and industry in agriculture. Not many years ago commonly, 
and even today in certain fields of agricultural research 
or with certain older individuals in all fields of 
agricultural research, open appeals to industry for 
experimental materials, technical advice or data, was 
looked upon as unethical, unprofessional and morally 
degrading. The same groups and individuals consider 
the employment of a trained agricultural scientist in 
industrial research and development as prostitution of 
the man and his training. Quite commonly during the 
very early history of development of the agricultural 
chemical industry, and even in certain rare cases today, 
the industry and individuals in industry, fully merited 
the attitude and position in which they were considered. 


In the new and rapid development of our field of 
research, industry, and application, these old barriers 
and attitudes have never existed because they have neither 
been necessary nor expedient. In the NCWCC all segments 
of interest have been able to work together freely with 
mitual appreciation, respect and confidence. Certainly 
this has been of real advantage to our consuming public 
in bringing into field use and practice the materials, 
the equipment, the methods and techniques, that today are 


so widely and variously employed in the Conference area. 


You have asked me to analyze and evaluate the con- 
tributions of industry to the modern developments in 
weed control in this Conference area. This is difficult 
in that your contributions have been both tangible and 
intangible. It is similar to asking a church pastor to 
critically analyze the relative value to his parish of 
monetary contributions to the Sunday collection as com- 
pared to the tangible contribution of the services of 
a Sunday school teacher. 


Your real contributions can be conveniently divided 
into several categories for purpose of enumeration and 
elaboration but I would not attempt to give them a 
relative value - they are intergral and essential seg- 
ments of the developments of modern weed control prac- 
tices. Only industry can supply these essentials. 


Chronologically, the synthesis of new compounds, 
primary screening of these new compounds for phytotoxic 
activity, exverimental formulation of selected new herbi- 
cides, and the engineering of economic production methods; 
all are basic and essential functions of the research 
and development in the agricultural chemical industry. 

I know of no man, cr research organization, outside of 
industry today that has the training, the background, 

the facilities or incentives to compete with industry 

in this field. The position that industry has established 
and maintained in this field of development - based on 
intensity and scope of operation and quantity and quality 
of new compounds developed, precludes any real need for, 
or justification of, wide participation »y institutional 
research agencies. The long and diverse list af presently 
available herbicidal compounds ard the specific formula- 
tions of these compounds now available for field use or 
field testing, attest to the adequacy of this develop- 
ment in industry. 


When past the initial screening stage and in limited 
pilot plant production new herbicices assume a very tan- 
gible and important link in our cooperative operations. 

It is almost essential that industry have substzntial 
field data on performance, 2nd general support and recom- 
mendation of a new product - regardless of how efficient 
it may be - in order to establish reasonable popularity 
and consumption in agriculture. Our association represent- 
ing institutional research, extension and regulatory 
agencies over an extensive area, and your most important 
consumer area in the world, is ideally organized to 
cooperate with you in establishing these cata and to sive 
active support to field use of proven herbicides. Fur- 
ther, through the wide and variable interests of research 
representatives, new or improved techniques of applica- 
tion, new or specific uses for your experimental materials 
are developed and employed to your obvious advantage, 
Occasionally, our field testing indicates that a new pro- 
Guct does not meet the broad, initial requirements of 
field application. You have, almost universally, accepted 
these deficiency reports in good faith and revised or 
dropped the formulation. In a few cases; where commer- 
cial formulators have attempted to market herbicidal 
material which had been shown by summarized data of our 
field tests to be less efficient or specific than their 
original limited screening trials - or hopes - had 
established, subsequent commercial field performance and 
consumption has eventually verified the results of the 
regional tests. 


Industry has been most liberal in supplying research 
cooperators in this Conference with experimental quantities 
of new herbicides and in making up special formations 
of herbicides at the request of cooperators. I know that 
many field research men do not fully appreciate the 
tremendous investment in pilot plant production, special 


formlating and packaging, and transportation, that 
this cooperative service represents. In some cases 
certain formlators have been too literal, or poorly 
directed in sending out test samles of new materials 
and I have seen literally hundrec of gallons of cer- 
tain experimental formulations of herbicides unopened 
and unused on the shelves of storerooms at experiment 
stations throughout this area. In other cases, cer- 
tain field investigators have taken advantage of your 
liberal cooperation by requesting - and getting free 
of charge - drum lots of herbicides for experimental 
application. 


In early field testing of new herbicidal materials 
most of the cooperating industrial formulators nave 
been most liberal in supplying available technical 
data on the products. In this stage of development 
these data are not only a real aid to most efficient 
field testing and development of the compound, but 
are essential to safety in handling, making up spray 
solutions, indicating possible toxicological effects 
on animals or adjacent crops and residual action on 
treated soils. Experimental materials received at 
field stations with only a unique laboratory code 
number to identily them; with a letter of transmissal 
indicating only the formulators appraisal of the 
possibilities of use anc giving generalized suggestions 
for trial use, will generally only occupy shelf space 
in the unopened container. Unless we know something 
of the structural formula of the active ingredient 
we may well be testing a number of identical compounds 
formulated and coded by as many companies. Unless ym 
have carried your vreliminary screening beyond the 
Single droplet leaf test we have no way of knowing 
whether the material has selectivity in action, is 
specific for woody plants, as a soil sterilant or a 
contact herbicide. Determination of these primary 
qualities is, in general, a responsibility of the 
formators, and data indicating these qualities are 
esse:itial to efficient further evaluation by field 
research workers. 


Conventions, on policy, regarding publication of 
data of tests of new herbicides have been mutually 
and satisfactorily established in our past years of 
close cooperation. Where a formlator desires to 
receive cooper. tion of one or more field stations in 
testing materials on which protective patent claims 
have not been fully established, arrangements for 
these tests, exchange of technica) data and publica- 
tion of field data are the confidence of the coopera- 
ting parties. Our Policy Committee has already indica- 
ted, however, that data of coced or trade merked mater- 
ials of unknown, or secret, formulation should not be 
included in our annual Research Report. Data of tests 
of materials of unknown formulation are in no way 
subject to orderly summerization - 4 prime objective 
of the Research Report. 


Your most valuable contribution to weed control 
developments in our Conference has been the active, 
personal, participation of the men in industry. This 
personal participation goes far beyond the annual 
meeting of the NCWCC. You have visited our field 
station and observed our work and discussed our 
techniques and results. You have accompanied us on 
long field trips where we have had the time and 
opportunity to discuss problems as they appear in 
the field, to discuss possibilities and means of 


improvement of your materials and our exverimental 
practices. Further, we have often cailed upon men in 


industry as speakers on specific weed control subjects 
in our many and popular state weed control schools 
and short courses. Your invariable positive response 


to these requests for assistance and the unbiased, 
sincere and able manner in which your men have handled 
these assignments has reflected real credit on those 
responsible for the program planning and on the men in 
industry participating. 


Industry has contributed a substantial amount of 
field research data on weed control. These data, 
summarized with comparable results of investigations 
of state, provincial and federal cooperators from 
Manitoba to Texas, and from Ohio to Kansas, have been 
the basis in which our spectacular and popular weed 
control programs have been developed. 


Through the close cooperation of industry, and 
research, extension and regulatory agencies of the 
federal, provincial and state groups in the NCVCC area 
we have undertaken and activated an agricultural devel- 
opment that in scope and economic application rivals 
any comparable accomplishment. In no other segment 
of the agricultural chemical industry do we have today, 
the uniformity in commercial labeling, packaging and 
recommendations for use, over a two-nation wide area, 
that we have in the heroicide trade. Further, in no 
other segment of the agricultural field will you find 
the recommendations for field use and practices so 
uniform between states or provinces as those prepared 
by extension and regulatory agencies in the North 
Central Conference area. This remarkable uniformity 
in recommendations for use of chemical herbicides which 
were unknown ten years ago, and in the past year were 
applied to over 20,000,000 acres of land in the North 
Central Conference area, reflects close and effective 
cooperation of the interests within the Conference 
that have developed the recommendations. Certainly 
the uniformity in use recommendations have proven 
of intrinsic value to the agricultural chemical 
industry in simplification of labeling and marketing. 


As the cash contribution in the Sunday collection 
is important in maintaining church and parish, so 
your direct financial support of the Conference has 
been an essential and appreciated contribution. 
Yowever, as with the local parish church, active parti- 
cipation is the more essential and important service. 
Only through your active, personal, participation in 
the Conference can we maintain the common ground of 
understanding, and the mtual benefits of cooperation, 
that have so far well served to accomplish our common 
aim in agricultural development. 


WORKING TOGETHER -- INDUSTRY AND STATE 
K. P. Buchholtz 


Industry and state workers have a vital stake in 
assisting each other and understanding each others 
problems. As a research worker it appears to me as 
though the relationship of state research workers and 
industry are especially important and I believe they 
have been especially cordial. State and industrial 
workers are mtually dependent on each other. On the 
one hand state interests maintain experimental stations 
in one or more locations in each state. Access to 
field plot areas, greenhouses, laboratories and librar- 
ies are usually provided. Personnel at these stations 
include agronomists, horticulturists, soils experts 
and others trained in plant sciences. This gathering 
of skills and trained personnel is limited in its 
ability to conduct modern weed research by a lack of 
trained chemists and facilities for synthesizing and 


formulating new chemicals with possible value as 
herbicides. 


Qn the other hand industrial firms supplying 
agricultural chemicals have staffs of highly trained 
chemists skilled in synthesizing and formating a 
wide variety of chemicals. As a rule industry has 
limited opportunity for testing promising materials 
in more than a preliminary way. Its personnel and 
facilities are limited to one or perhaps at most several 
locations and these may not be typical of agricultural 


_ areas in which a contemplated herbicide may have value. 


It is inevitable that the two interests should 
join forces for the ultimate benefit of both. State 
workers can provide field testing facilities across 
the nation for such chemicals and formations as the 
industrial workers believe promising. Observations 
will be obtained under varied environmental conditions, 
on varied crops and weeds. As a result a reliable 
appraisal of a promising herbicide should be obtained 
more rapidly than would be possible in any other way. 


The relationships between state and industrial 
workers are not always as idyllic as it would seem 
they should be, however. The problems confronting 
both are at times not fully recognized. Weed research 
is a relatively new field of effort. State workers 
usually do not have the facilities or man power they 
feel they require or deserve. Such accommodations as 
they have must often be secured by reallocation of 
those used by older, well established projects. The 
state workers time can seldom be devoted entirely to 
what he considers his main task. He may teach one or 
more courses, be responsible for subject matter other 
than weed control, advise students, direct graduate 
students, serve in an extension capacity and take part 
in the housekeeping duties of his department or 
institution. He cannot devote himself solely to 
observing new materials for he mst continually restudy 
and reevaluate the use of materials already available. 
Often new uses can be developed or new techniques of 
application may increase the value of an established 
herbicide. The attention which can be given to new 
materials is therefore limited. Industry should screen 
its new materials closely so only the most promising 
are distributed for further study. Its facilities for 
this preliminary work are usually superior to those at 
state stations. If then, the state workers intentions 
seem to be more ambitious than his realizations I trust 
that industry will not be unduly critical. 


The state worker has a very definite responsibility 
to industry. Industry has furnished him gratis or at 
nominal cost a supply of chemicals that represents a 
considerable investment in time, facilities and talent. 
1f supplies were to be obtained in any other way the 
costs would usually be so exorbitant that little work 
could be done. Supplies ample for field plot work are 
needed but there is an increasing awareness among weed 
workers that reasonably small plots are just as good and 
perhaps even better than large plots. A supply of 
chemical sufficient to treat 1/10 acre is usually ample 
for well replicated preliminary studies on annual weeds 
in field and vegetable crops. Studies on perennial 
weeds require more chemical for the plots must be larger 
and studies on woody plants require even larger plots. 
All workers should reduce their requests to what can 
reasonable be expected will be used during the current 
season. The use of fresh supplies each year is recom 
mented for it avoids deterioration and takes advantage 
of any improvements in formulation that may be mde, 


Unused material in the container is of little value to 
any one. 


_ The interpretation and use of data obtained are 
also subject of concern for both industrial and state 
workers. Industry is naturally anxious to arrive at 
a decision of the value of a particular product as 
soon as possible. If a material does not have evident 
promise they may prefer to discard it after a short 
trial. The state workers as a group are unlikely to 
develop a general opinion as rapidly. They will use 
a@ prospective herbicide in many ways and may stumble 
on promising uses that were not visualized originally. 
An example is the present interest in the use of MCP 
on peas, legume seedings and flax. Five years ago use 
of MCP was thought to have no advantage over use of 
2,4-D. Another development of continual study is the 
use of dinitro preparations for pre-emergence treat- 
ments. It is likely that the use of dinitor prepara- 
tions for this purpose will surpass considerably its 
previous use as a selective herbicide in developing 
cropSe 


Obviously we must pick and choose materials to 
study as intelligently as we can. We cannot study 
them all. Summarizing abstracts and reports soon 
shows that initial attempts to use a promising herbi- 
cide will be extremely variable. The problem which 
confronts us has its root in the diversity of genetic 
material with which we are working, be it crop or 
weedy plants.’ The problem is further confounded by 
the almost infinite variety of soil and environmental 
conditions which may be found in the region or in the 
nation as a whole. Work with biological material is 
never the exact science of the chemist or the physist. 
There are too many variables that cannot be controlled 
and too many variables that are not even recognized. 


We should not be unduly concerned if an herbicide 
does not kill all weeds in all crops. Our distinction 
of whether a plant is a crop or a weed is largely 
artificial. The physiology of a crop and weed and 
their responses to an herbicide may be very similar. 
Excellent control of a few weed species is likely to 
be more valuable than partial control of many species. 
From this it is certain that we should not be too 
hasty in our judgments for the usage of herbicides 
is likely to become more precise and more specialized. 
There may even be the ultimate of an herbicide that 
would control only one weed in a single crop. If the 
weed were quackgrass and the crop corn we could use 
vast quantities in the north central states. 


A concept used by plant breeders may be of value 
in judging an herbicide under consideration. New 
varieties of crops are evalueated on "station years" 
data. A station year represents data from one loca- 
tion for one year. New varieties of small grains are 
usually not released until from 0 to 50 station years 
data have been accumlated. Ordinarily at least 5 years 
data are desired in the area where it will be of 
greatest use. I do not suggest that our judgement 
of an herbicide of an herbicide be made in an arbitrary 
manner but I am sure that more reliable decisions can 
be made after considering the results from many stations 
rather from only a few. I also believe we must always 
have more than one year's data at a particular station 
before we can be reasonably sure of our results even 
though the use of a material has beed widely adapted 
elsewhere. 


Exceptional weather conditions have often led 
workers astray. We mast make our recommendation 
with full knowledge of variations expected over a 
period of years. This takes patience. It requires 
the cooperation of both industrial and state workers. 
It requires as just an evaluation as can be made by 


both. The North Central Weed Control Conference ful- 
fills an important objective when it encourages such 
deliberations. 


WORKING TOGETHER-INDUSTRY AND STATE 
S. H. Bear 


State and federal agencies, the chemical industry, 
and sprayer manufacturers "Working Together" have 
contributed generously to increase efficiency in agri- 
culture. The farm population in relation to total 
population over a period of years may be used as one 
measure of efficiency in agriculture. According to 
the Bureau of Agricultural Economics, United States 
Department of Agriculture, the farm population in 
1910 was 32,000,000. This farm population produced 
the food and fiber crops for 80,000,000 people. In 
1950, only 24,000,000 farm population produced food 
and fiber crops for 150,000,000 people. These figures 
show a phenomenal improvement in agricultural efficiency. 


Chemical weed control is an important contribu- 
tion to increased crop production at lower costs per 
acre. Approximately 25,000,000 acres of corn and 
small grain crops were treated for weed control in 
1949, five years after the practice was first intro- 
duced. It is safe to say that no other cultural 
operation in the history of American agriculture was 
applied to so vast an acreage in such a short time. 


A chemical mamfactured by industry, properly 
formulated, for which research in use has been com- 
pleted by state and federal agencies has no value to 
the farmer until application equipment is developed. 
Manufacturers, research and application equipment pro- 
ducers must work together to perfect a new practice 
like the use of herbicides for weed control. What 
has the farm equipment industry done cooperatively 
with state and federal agencies and chemical manufac- 
turers to make a chemical weed control program possible? 


Many of t he weed sprayer manufacturers are mem- 
bers of National Sprayer and Duster Association, of 
whom your genial chairman, Mr. Earl Anderson, is 
Executive Secretary, or are members of Power Sprayer 
and Duster Department of Farm Equipment Institute. 
These manufacturers' associations were asked to inquire 
from their members the extent to which they cooperated 
with state and federal agencies in the development 
of weed sprayers through grants of money, donations of 
equipment, or rendering technical service. The 
National Sprayer and Duster Association members fur- 
nished equipment to clmost every agricultural college 
throughout the country where they were used for 
experimental work, weed control on turf, and for spot 
weed control on farm lands, Members of Power Sprayer 
and Duster Department of Farm Equipment Institute 
have cooperated in one way or another with 39 state 
agricultural colleges and experiment stations and 
U.S.D.A. laboratories or field stations. Nearly all 
of this cooperation was in the form of donations of 
equipment. 


A representative group of pump mamfacturers, 
most of whom produce low volume, low pressure pumps of 
one type or another, were queried in preparation for 
this paper on the extent of their cooperation with 
state and federal agencies. All of those queried 
reported some cooperative research in which they parti- 
cipated, mostly again in the form of donations of 
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equipment. Each of these pump manufacturers reported 
from 10 to 50 research agencies received the benefits 
of their contributions. 


Another manufacturing. group of component parts for 
sprayers whose products are very important in weed con- 
trol are the nozzle manufacturers. A representative 
group of nozzle manufacturers reported that in addi- 
tion to their own nozzle research for weed control, 
they all cooperated with from a few to 25 or more 
state agricultural colleges and experiment stations. 
Much of their contribution was in the form of donations 
of equipment. 


Both groups, the pump and nozzle manufacturers, 
expresses a willing desire to cooperate further with 
research agencies engaged in weed sprayer research. 


With the advent of new pesticides, including 
herbicides, sprayer mamfacturers encountered many 
difficulties that affected machine performance. Among 
the problems were the effects of solvents for 2,l-D 
acid on component parts of sprayers. The problem 
became so acute that a combined effort was made to 
solve some of the problems by a joint research project 
supported by sprayer manufacturers who are members of 
National Sprayer and Duster Association and Power 
Sprayer and Duster Department, Farm Equipment Institute; 
the chemical industry through its association group, 
National Agricultural Chemicals Association; and the 
Bureau of Plant Industry, Soils and Agricultural 
Engineering, United Stated Department of Agriculture. 
Briefly stated, the project is established for the 
purpose of studying the effects of pesticides on 
application equipment. The three trade association 
groups each contributed $3,000, or a total of $9,000. 
These funds were deposited with the United States 
Treasury through the United States Department of 
Agriculture for expenditure on this cooperative 
research program in accordance with the Administrative 
Regulations of the United States Department of Agri- 
culture. The Project work was instituted July 1, 1951, 
at the U.S.D.A. Bureau of Plant Industry, Soils and 
Agricultural Engineering, Pest and Disease Control 
Machinery Laboratory at Toledo, Ohio, and will continue 
in effect for one year. It may be extended from year 
to year by mutual consent. It is hoped that funds will 
be provided in the United States Department of Agri- 
culture's budget to continue the work after June l, 
1952, without direct industry support. 


It is estimated that ground equipment was used to 
treat 80% of the acreage of small grain crops treated 
in 1949. The remaining 20% was treated by airplane. 
Due credit must be given to those agencies contribu- 
ting to the development of aerial sprayers. Except 
for nozzle and possibly pump manufacturers, the 
farm machinery sprayer manufacturing groups 41d not 
contribute to the development of serial spraying 
devices. 


A specific chemical has not yet been developed for 
every weed or crop, but the number of chemicals and 
crops treated is increasing rapidly. It is probable 
that different chemicals and formulations will be 
developed for the control of specific weeds under 
specified conditions. This development will greatly 
increase the range of requirements of weed sprayers. 
Research work, therefore, must be continued by sprayer 
manufacturers in cooperation with the chemical 
industry and state and federal research agencies. If 
the demand for revised and specific equipment appears, 
you may be sure that such equipment will be developed. 
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STATEMENT ON AVAILABILITY OF WEED CONTROL CHEMICALS AND 


APPLICATION IPMENT FOR 
L. B. Taylor 


Demands for weed control chemicals during the 
coming growing season are expected to be larger than 
they were during the past season. While it is expected 
that production of the established weed killer chemicals 
will generally keep pace with this expanded demand, 
there is some danger that shortages in supplies of 
certain basic raw materials may prevent the formulation 
of all herbicidal chemicals which farmers might like to 
purchase in a free market. Moreover, current restric- 
tions on container production may impose limitations 
upon the effective distribution of available supplies. 
With respect to application equipment, supplies are 
expected to be about as great as in 1951. But because 
of an expected increase in demand and a decreasing 
production rate, farmers are likely to find it increas- 
ingly difficult to obtain equipment as the season 
progresses. 


At this time the supply outlook for basic raw 
materials used to manufacture many of the weed control 
chemicals, particularly benzene and chlorine, appears 
to be fairly adequate. There are, however, many 
question marks in the raw materials picture. For 
example, though increased supplies of chlorine are 
scheduled to become available in 1952, these may not 
keep pace with the many competing demands from the 
growing chemical industry, though it is expected that 
the pesticide industry as a whole will receive its 
fair share of the available supply. The uncertain 
outlook for phenol is another case in point. The sup- 
ply of phenol was short during 1951, requiring special 
action by the National Production Authority to assure 
equitable distribution, but the increased needs for 
weed control chemicals helped to justify an expansion 
in production capacity of phenol. This expanded 
capacity is expected to increase the available 
supply during 1952. 


If sufficient chlorine and phenol contime to be 
available, it is anticipated that next year's produc- 
tion of 2,l-D will be adequate to meet the estimated 
requirements. However, the outlook for 2,4,5-T for 
next year is less assuring and there is some doubt 
that all the estimated requirements during the coming 
crop year can be satisfied. Other selective weed 
killers will also be affected by the availability 
of basic raw materials, but if projected production 
can be met supplies of these should be adequate to 
meet the preliminary estimated requirements. 


Several local shortages of sodium chlorate occurred 
in 1951, caused primarily by the unwillingness of users 
to pay increased costs for shipping the material over 
greater distances than usual. Currently planned 
facilities expansions are scheduled to produce about 3 
million pounds more of sodium chlorate in 1952 than was 
available in 1951. However, the problem of shipment 
over greater distances to the actual areas of use is 
likely to contime to affect the availability of 
sodium chlorate for certain important uses in 1952. 


Current limitations on containers manufacture could 
be the most serious factor affecting the distribution 
of weed control chemicals next year. The supply of 
appropriate containers does not appear adequate at 
present to package all the weed killers which will be 
produced and which are required for agricultural uses. 
As you probably are aware, NPA Order M-25 limits the 


herbicide industry to 70 percent of its base period 
usage of cans and under NPA Order M-75 the industry 

is limited to 90 percent of its base period usage of 
drums, for packaging its products. On the other hand, 
the number of containers needed for weed control chen- 
icals during 1952 is expected to be about three times 
the amount used in 1949 or 1950. 


While, as you can appreciate, the problem of assur- 
ing an adequate supply of metal containers for all the 
expanded requirements of defense and defense supporting 
industries is a difficult one, the National Production 
Authority is aware of the necessity of providing an 
adequate supply of satisfactory containers to the 
pesticide industry. The Department of Agriculture has 
been and will continue to work with NPA in an attempt 
to secure necessary modifications of the present orders 
relating to cans and drums and the possibility of 
securing such modification appears hopeful at this 
time. It should be emphasized, however, that full 
cooperation by users and manufacturers in assuring 
maximum return and re-use of containers where feasible 
is essential to maintaining efficient distribution of 
weed control chemicals. 


In this connection, however, one word of caution 
should be emphasized. Containers used for packaging 
hormone-type weed killers should not under any cir- 
cumstances be used again for packaging insecticides 
and fungicides. Evidence from several agricultural 
areas indicates that insecticides and fungicides have 
been contaminated seriously through packaging in 
returned drums previously used for 2,)-D and other 
hormone weed killers. The present voluntary industry 
program for identifying with an indelible purple band 
all drums which have been previously used for packaging 
2,4-D, 2,4,5-T anc other hormone-type weed killers 
should materially reduce the hazard of contaminating 
insecticides and fungicides through subsequent use of 
such returned drums. 


Because of the severe winter in the South which 
cut boll weevil infestations, and the cry weather 
which prevailed this summer in many parts of the 
country, sprayer and duster requirements were consider- 
ably lower than they would have been had more normal 
weather conditions prevailed. This has resulted in a 
fairly comfortable carryover of spraying and dusting 
equipment into the 1952 season and supplies of spraying 
and dusting equipment are expected to be nearly as 
great in 1952 as they were this year. However, demand- 
-even assuming a normal growing season -- is likely 
to be substantially greater. As a result, farmers 
probably will find it more difficult during 1952 to 
obtain the equipment that they need, particularly 
during the latter part of the season. 


Production of spraying and dusting equipment has 
been maintained at a relatively high level during all 
of 1951, although shortages of galvanized sheet steel 
may have limited somewhat the production of hand 
sprayers. Production in the fourth quarter of this 
year has been tapering off, but probably will be at 
about the 1949-50 rate. During the first quarter of 
1952 smaller allotments of controlled materials will 
force a cut-back in production at a time when output 
usually hits its seasonal peak and prospects for the 
second quarter are not too bright at this time. 


The Department of Agriculture is keeping this 
situation under constant observation and is placing 
special emphasis upon the production of sprayers 
and dusters in its negotiations with the defense pro- 
duction agencies. 


MEANS OF PREVENTING THE SPREAD 


OF NOXIOUS WEEDS 


Dwight W. Lambert 


How to prevent the spread of noxious weeds? A 
big question and one which I am sure that I am not 
even capable of giving a partially complete answer 
let alone all the answers. Possibly with another 
type of government and a different kind of people 
one could put out an order to the effect that some 
drastic action will be taken if seed that contains 
noxious weeds is moved. This would undoubtedly be 
effective but would take a large police force to 
carry out. 


I doubt whether we can ever look forward to the 
time when we will have all the means of preventing 
the spread of noxious weeds with us. Maybe our 
children or grandchildren will be able to do this 
but look at the problem they will have. First they 
must devise some method to devitalize all weed seed 
so that seed or feed which is sold can be processed 
so as to be absolutely free of viable weed seed. 
Secona you have the problem of devitalizing all the 
weed seed that is sold in hay or other forage. This 
is necessary so as to keep the machines which carry 
the forage from spreading it as it is being taken 
from one place to another. The third large job is 
in getting rid of all the viable weed seed which we 
now have polluting our ground. This is necessary so 
that the good seed we are s owing we will not have to 
worry about the weed seed in the soil sending up 
plants and infesting our field. Of course eventually 
all of the seed will germinate or decay but it may 
take many years. Most of you I believe are aware of 
the experiment which is being carried on at the Fort 
Hays Kansas Experiment Station concerning Field bind- 
weed. Here they have found that Field bindweed seed 
may lay in the ground over 30 years and still germin- 
ate and grow. If it is possible to do the first and 
second things mentioned above it would seem like a 
long time to wait to be sure all the weed seed was 
out of the ground. 


What can we do now to help prevent the spread 
of noxious weeds and to help our children and 
grandchildren so that they will have an easier job? 
There are several things that we can do which I shall 
list and then discuss. 


1. Education 
2. Inspection 
3. Seed cleaning 


le Contime research which has been 
started on the devitalization of 
weed seed, 


S. Begin a good control program of 
plants. 


The first one listed is probably our most impor- 
tant and the hardest to accomplish. Education of 
the farmers, seec dealer, elevator men and any other 
person who handled material in which noxious weeds 
can be spread mst be taught to identify these weeds 
both in plant and seed form. The importance of what 
to do with seed containing these weeds must also be 
stressed. The job of education is one of tact and 
public relations with as mh publicity as possible, 


Seed cleaning may be listed under one of the 
things to be stressed in education. In many cases 
all noxious weed seed can be cleaned out of seed 
which is to be sold or planted. However a few of 
our noxious weeds are very hard to completely clean 
out of the seed in which they are normally found. 
Bindweed in oats or wheat is an example of this. 


In Nebraska, besides the large number of commer- 
cial seed cleaners, we now have 31 weed districts 
which own portable cleaners. These portable cleaners 
are all kept busy during the cleaning season and all 
of them I believe run up against the same problem and 
that is getting the farmer to clean his grain in 
advance of when he wants to plant it. This past 
year these 31 cleaners, which also have treater 
attachments, cleaned and treated or cleaned alone 
slightly over 300,000 bushels of wheat, oats, barley, 
rye, sorghum and soybeans. Of this amount over 
137,000 bushels were wheat and 131,000 bushels were 
oats--the two main cereals grown in Nebraska. In 
addition to the above they cleaned nearly 130,000 
pounds of legumes and grasses. These may not average 
out to any large amount but when one takes into ac- 
count that the districts owning cleaners at the 
present time are not in our large wheat producing 
areas and most of these are farm calls it makes their 
work seem more important. 


Operators will tell you that many of their jobs 
do not take nearly as long to clean as they do to 
set up and take down the machine. The seed cleaners 
mentioned above are operated by the district and are 
not intended to furnish competition to the commercial 
cleaners but to supplement the cleaning. We all know 
there is much more room for the cleaning of grain and 
seed in all areas than we have at the present time. 


Inspection work plays an important part in pre- 
venting the spread of noxious weeds. By inspection 
I mean both grain or seed and equipment used in the 
harvesting, hauling or cleaning of grain. In the 
past two years we in Nebraska have followed other 
states in the North Central Weed Control Conference 
in trying to get an inspector of grain and seed in 
all our counties. At the present time we have 


approximately one third of our districts with inspectors 


and are having this number increase each year. These 
inspectors made 323 inspections this year finding 
noxious weeds in 22 of these inspections. In addi- 
tion our office made over 500 inspections of grain 
and seed and in about % of these noxious weeds were 
found. Most of these inspections were for feed oats 
which was being brought into the state from other 
areas. By having our county inspectors we can esti- 
mate that approximately 22,000 bushels of infested 
material were stopped from sale to our farmers who 
would have undoubtedly either fed or sown it. 


Inspection of equipment is found mainly in the 
harvesting and cleaning field. We inspected 2,187 
combines entering Nebraska this year and rejected 
25 until they were cleaned. Most of our old time 
transient combine owners come to the ports of entry 
with clean outfits. To help in our combine inspec- 
tion this year we hired 6 temporary inspectors which 
were used at the ports of entry where our combine 
traffic was the heaviest. 


Our law was changed this year to include seed 
cleaners and hullers which hasn't been pushed too 
hard yet other than notifying them of this fact and 


also that their machines must be cleaned after each 
job. 


I mentioned continuing research on devitalization 
of weed seed. There has been some work along this 
line using mainly different forms of heat. At the 
present time the work has show little difference in 
the amount needed for weed and crop seeds. This 
would be all right for feed material but not for seed 
which is to planted. Some other method may show up 
in the future to do this or possibly a cleaner will 
be developed totake out all the weed seeds. 


Last on my list was control of plants so that 
seed will not be formed. I think that in most cases 
this can be done now in our broadleafed noxious 
weeds by timely spraying, at least so the seed will 
not be formed during the harvesting period. 


There may be many more means of preventing the 
spread of noxious weeds but I hope that the few that 
I mentioned will at least indicate that there is a 
great need for this and that the challenge is being 
met even though in a small way at the present time. 
To make any head way in our programs of control or 
eradication, the problem of preventing new areas of 
infestation by seed of noxious weeds is by large the 
biggest of all problems and one that needs all of 
our concentrated efforts. 


PRECAUTIONS TO TAKE IN PURCHASE 


AND APPLICATION OF HERBICIDES 


J. L. Hutchinson 


I was given this topic for discussion. However, 


' what I will discuss is the probable out-come if the 


misapplication of 2,l4-D is contimued. Yet, there are 
some other points I wish to take up first. 


Purchase and application are two separate phases 
and I will discuss them separately. 


The purchase of herbicides is simpler now than a 
few years back. Our state as well as many others has 
an agricultural chemical law requiring a label stating 
the name and percentage of each active ingredient. 
This makes it easier for the purchaser to know what he 
is buying and how much. 


We have found that this is not always clear to 
the farmer, who is the big user of agricultural chemi- 
cals. In some cases this information on the label 
must be expressed in pounds per square rod for dry 
chemicals as sodiumchlorate, sodium chloride and 
insoluble borates, or in pounds or pints per acre for 
2,4-D and other soluble herbicides. 


At this time I might mention that our state has 
recently discontinued the use of the term borascu 
and now uses boron compounds and mixtures thereof, 


the active boron ingredient being expressed as boron 
trioxide. 


In order to make this information available to 
the farmer, our department puts out a weed handbook 
every year containing this and other information. 


This next phase, application of herbicides can, 
roperly done, result in damage. Usually we don't 


e to say much about it, but this is the part that 
I will discuss. 


Damage resulting from the use of sodium chlorate, 
sodium chloride and borates has been very small. 


This is largely due to the fact that most of these 
herbicides are used on small areas and are applied 
to a large degree by our county weed supervisors. 


’ Qn the other hand with herbicides like 2,-D used on 


large areas and 2,4,5-T used on brusii areas, only a 
small percent of this work is done by our county weed 
supervisors. 


This gives less control over the application. And 
we have had more serious damage especially from 2,),-D. 


We feel that the more frequent causes of damage 
are perhaps: wind drift, volatilization, carelessness 
and applying at the wrong stage of growth of the crop. 


I will give a few of many cases to illustrate these 
points. This case was preharvest wheat spraying in 
Sheridan county, where three planes were operating in 
the same areas, each independent of the others. The 
wind on this particular day was above 20 miles per 
hour and gusty. The farm I have reference to was loca- 
ted in the middle of the area being spray- 
ed. However, no spraying was done on this farm 
which has 0 acres of sweet clover in bloom at this 
time. Result the farmer lost his seed crop. This 
damage was caused by wind drift. The farmer, who 
happens to be a county commissioner, is advocating 
a law to prevent 2,/i-D being applied from the air. 


This type of law would be a mistake, since we 
have thousands of acres of pasture and brush land 
that can only be treated from the air, not to mention 
tne wheat area that would be impossible to treat 
with only ground equipment. 


The next case that I will relate is where truck 
tanks for refilling the planes were located a short 
distance from a small city. No spraying was done near 
or in the city with 2,-D. Yet there was damage to 
gardens, flowers and some trees. The tanks were 
filled with ordinary ester formulation of 2,)-D, 
and remained stationary. Volatilization is the cause, 
the vapors being carried by the wind. 


The feelings of the residents of this city are 
very unpleasant. Another case that I wish to call 


your attention to was that of a polane operator spraying 


wheat adjoining a farmstead. The owner of the wheat 
did not own the farmstead. The farmstead owner and 
his wife had spent 10 years getting trees and shrubs 
to grow. The plane operator turned over the farmstead 
while spraying that part of the field. The unfortunate 
part was that nearly all the trees and shrubs were 
susceptible to 2,-D. This damage was caused by 


carelessness. When I saw this farmstead I was glad 
the owner was not at home. To put it mildly, he was 
very unhappy. 


This last case is one of applying at the wrong 
stage of growth of wheat. Due to a dry fall a year 
ago, greenbugs, winter kill and etc., our wheat this 
year matured very unevenly. In the same field, some 
heads would be in bloom, some in the milk stage, others 
in soft dough. Large areas were treated while the 
wheat was in these mixed stages of growth. The loss 
was whatever percent had not reached the soft dough 
stage and in some cases was estimated at 50% or higher. 
This was a considerable loss to the farmer. 


These cases, if continued would create a feeling 
that would demand a law that would be too drastic. I 
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do not believe that law is the answer. 
case I mentioned, how could any court decide which 


In the first 
operator was to blame. 


I believe that education is the answer. Not just 
the education of the operator but the farmer as well, so 
that he will not insist on an operator treating when 
conditions are unfavorable. 


In our state we use newspapers, radio, weed hand- 
bocks, county weed meetings and contracts by our county 
weed supervisors in order to get this information to 
the public. With all of these methods we do not seem 
to reach enough people to prevent this damage. 


In closing I will state that it is better tobe 
able to treat under favorable conditions than not to 
be able to treat at all. 


THE IMPORTANCE OF CLEAN SEED AND FEED 


IN RELATION TO WEED CONTROL 


Glenn F. Kersey 


My name is Kersey. I work in the Feed and Seed 
Division of the Iowa Department of Agriculture. As 
the subject for this part of the program is the impor- 
tance of clean seed and feed in weed control measures, 
it was thought by Mr. Spry that I would be able to 
talk on this discussion of weeds. 


First, I would like to state that education has 
gone far in controlling weeds in seed that you plant. 
We are continually stressing the importance of clean 
seed, and our talks before F.F.A. groups and G.I. 
schools of agronomy are so given to explain quality 
buying rather than price. In other words, we want 
them to become thoroughly acquainted with the analysis 
tag and to understand what it means. 


In our work as inspectors of feeds and seeds, we 
call on the dealers in our state and inform them of 
the kind of feed or seed we expect them to sell and 
may I say that it has worked wonders in the past few 
few years, as our bulletins show, 


I would like to give a few facts taken from our 
last seed bulletin. The past year we ran through our 
laboratories 1,658 official samples. In addition, 
we also ran 2,11 service or paid samples, a total of 
3,799 analyses given to the public, 


There were 11 lots of seed found to be misbranded, 
12 lots of seed were illegal due to presence of pri- 
mary noxious weed seed, or to an excess of secondary 
noxious weed seeds, misbranding in many cases repre- 
senting minor violations, and these lots of seed 
were removed from sale until they were re-cleaned or 
re-labeled to show the true purity or germination. 
All this is an indication of the fine cooperation which 
the Department has received from the seed trade in 
general, from the Iowa Seed Dealers Association, and 
from the American Seed Trade Association. 


In accordance with the Iowa agricultural seed law, 
the state of Iowa has full jurisdiction in the state 
over seed, which is found contrary to the law. Seeds 
involved in interstate shipment which are found to be 
in violation of this law are automatically referred to 
the seed inspection division of the United Stated 
Department of Agriculture, 
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Our future cooperation between the regulatory 
force of the State Department of Agriculture and the 
county weed commissioners are giving added service to 
agriculture of Iowa, 


Another important factor in weed control is feed, 
chiefly cattle or scratch grains for poultry. 


Quite often screenings are used as an ingredient 
coming from elevators that do cleaning especially 
in weedy sections of the country, their grain con- 
taining so many different varities of weeds that it 
lowers the price of their product. We find most 
companies are striving to make the best possible 
feed and that makes our work much easier. 


We have, at time, been forced to stop sale on 
certain mill feed containing 8% screenings or mill 
run with quite a high weed content. This practice 
we discourage as our law reads "feed containing 
noxious weeds must be ground so fine or heated to 
such a degree as to spoil the germination of said 
weed", 

I am sure the next speakers will have very inter- 
esting information to give you, and I ask you, Mr. 
Chairman, to give them my unused time. 


WEED CONTROL ON PUBLIC LANDS 


Chas. J. Gilbert 


When assigned the duty of preparing a paper on 
the above subject, the writer submitted a letter to 
members of this conference concerned with regulatory 
and procedural phases of weed control, asking for the 
names and addresses of supervisors, officials and 
other persons in responsible positions with federal 
and state agencies having supervision and or respon- 
sibility of lands and areas belonging to or controlled 
by federal and state agencies. As a result of this 
request we were able to send out questionnaires to 78 
such named resoonsible officials or representatives. 
The questionnaire reads as follows: 

1. Do you cooperate with state and local offi- 
cials in the destruction of noxious weeds? 
What means do you use to destroy noxious 
weeds? 

How many acres or patches of noxious weeds 
did you destroy this year? 

What noxious weeds are the most serious 
problem on the area under your supervision, 
and estimated acres? 


2e 
3e 
le 


Acres 


5S. What was the approximate amount of money your 
agency spent to destroy noxious weeds during 


the season of 19517 e Of 19502 e 


From this list of 78 people or offices we received 
answers from 54 of them. Just why the others have not 
answered may only be surmised. Perhaps two months is 
not long enough to assemble information to answer "yes" 
or "no" and give estimates or perhaps those who haven't 
answered are getting the information in exact detail. 
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It is perhaps coincidence that replies came from 
27 federal agencies and also from 27 state agencies. 
Of those 27 replies from federal agencies, 3 gave no 
information whatever, either saying that it was being 
referred to someone else or merely giving the name of 
someone else to whom to write. The replies from the 
27 state agencies contained with no information. 


The above is interesting, but the number of "no" 
replies to the first question is an indication that 
should shock us. Federal and State governments are 
paying good money for research, education and demon- 
stration to control and destroy noxious weeds and the 
agencies of those very governments admit a poor 50% 
record on using the information, and in cooperation 
with the rest of the people in weed control. 


Thirteen of the 27 federal agencies stated that 
they did not cooperate with state weed control agencies 
in controlling or eradicating noxious weeds. Twelve 
of the state agencies said they were not cooperating 
with their own state agencies to control weeds. In 
both federal and state agency replies were included 
those from Canada which were consistently "yes". Three 
replies from one state excused this non-cooperation by 
saying that their state had no weed control officials 
or weed control program to cooperate with. Incidentally, 
this particular state has the honor of having a past 
president of this conference. 


It is our conclusion that the states who are part 
of this conference who do not have legislation enabling 
the establishment of state weed programs should immed- 
iately proceed to carry on educational activities 
among its legislators, its farm organizations, its crop 
improvement associations, its livestock improvement 
associations, its bankers, its clergy, its public health 
officers and with other public minded groups which 
influence public thinking to the end that such legisla- 
tion shall very soon be established. 


Please answer this question: How can we expect 
to get a marked degree of cooperation from federal 
agencies on noxious weed control, when state agencies 
have a poor record of cooperation? Here is another 
one: How can we expect cooperation from either one 
when there is no state program to cooperate with? And 
here is another one: Should it be possible for a 
federal agency owning or controlling land in a state 
to openly violate the laws of the state in which it 
operates, whether it be noxious weeds, drivers license, 
road speed laws or what have you? And this last one: 
If there is no state program to cooperate with or 


state law to violate, why should any agency or person 
care? 


State Agencies 


I have separated the replies from state agencies 
into four groups. 


1. State fish, game, parks, forestry, state 
conservation. 

2. State Highway Commissions. 

3. State Board of Education, public school 

lands, etc. 


Public utilities, public construction, 
under state control. 


The reports from the classification of state fish, 
game, parks, forestry and conservation generally showed 
no cooperation existed and my impression was that there 
wes not too much disposition to do so. There were, 


however, exceptions to this and some reports indica- 
ted that there was an interest in the agricultural 
welfare of the states, along with interest in fish, 
game, etc. It appears to the writer that a change 
of attitude must be made in some states to prevent 
areas under their control from becoming infestation 
centers. It is interesting to note that very few 

of these recognize any plant as a noxious weed. One 
state stated that their only problem was sand burr 
and poison ivy. Several states stated they had no 
noxious weeds. There was one state that named leafy 
spurge and another state that named Canada thistle. 
If such is true, all other states but one are most 
fortunate. That state agency has many acres of spurge, 
Canada thistle, perennial sow thistle and bindweed. 
They do have a problem and a big one. Their, report, 
and I can verify it, indicates that they are cooper- 


‘ating in many places and doing some satisfactory work, 


although not perfect. 


The group embracing the highway commission of the 
states had an apparent good record. Only two of the 
entire group said they were not cooperating in con- 
trol of noxious weed. There is an apparent under- 
standing of what noxious weeds are, as several highway 
commission reports named them. One state replied to 
the question "What noxious weeds are the most serious 
problem on the area under your supervision, and esti- 
mated acres?" "Noxious weeds are designated by 
statute." 


Apparently no state has as yet made any attempt 
to keep any record of the estimated acreage or area 
of noxious weed infestation and few have any idea of 
the costs of noxious weed control By and large, 
however, it would appear that highways are doing 
one of the better jobs of all state or federal 
agencies. Might it not be that this is because these 
areas are under the most constant scrutiny of the 
people? 


The reports from State Boards of Education, public 
school lands, etc. were few and decidedly unsatisfac- 
tory. Either the men in charge of these agencies are 
unfamiliar with the areas under their control or did 
not care to disclose its condition. There were few 
answers and such as received were not informative. 
One of the most comprehensive reports was from our 
host state, Oklahoma, and sent in by the State Board 
of Affairs. Im one case, the commission of school 
and public lands has incorporated a noxious weed 
clause in its several thousand leases and are doing 
a fair job of enforcement. 


The reports from public utilities and public con- 
struction under state control were mostly from 
Canadian provinces and indicated much interest and 
considerable understanding of the problem of weed 
control. 


Federal agencies 


In an attempt to analyze the report from Federal 
agencies I have divided the reports into five groups. 


1. Bureau of Indian Affairs 
2. Federal Forest Service 

3. Federal Wild Life Service 
le Bureau of Reclamation 

5S. Military areas 


To some of you the matter of large areas owned or 
controlled by the Bureau of Indian affairs is probably 


completely strange. However, in some of our states 
these lands are a very real problem in a weed control 
program. 


Imagine, if you will, an area covering several 
hundred thousand acres, set in among good farm or 
range lands some of which may be now patented or sold 
to farmers who are trying to make a living fromt hose 
farms. In some cases this Indian land may be operated 
by Indians, in some cases it may be leased to white 
operators and in some cases because of complete infesta- 
tion of noxious weeds it cannot be leased at all. 
Weeds such as Canada thistle, perenni«l sow thistle, 
leafy spurge, etc., have completely infested parts or 
all of these tracts. We ask for control of these weed 
menace areas and are told politely that "no money was 
appropriated by Congress for weed control", or "you 
will have to see the person who farms it", or "the 
white man brought the weeds in, let him eradicate them." 
All statements have some degree of truth or semblance 
of reason. However, the Indian service and its personnel 
are charged with the care and are custodians, of the 
welfare of the Indian and his land, and money is 
approvriated for that purpose. 


The average Indian farmer is poor, perhaps made 
that way by unproductive land, lack of help and know- 
ledge of good agricultural practices and perhaps because 
of our “ward" system of handling his affairs. You can- 
not eradicate the weeds by enforcement and charge the 
costs to taxes. The white man did bring the weeds to 
the country if not to the particular area or farm. But 
all of these excuses and reasons do not kill or control 
the weeds. They contime to grow and thicken on the 
area already infested, they continue to spread to 
patented land, they continue to steal dollars from the 
individuals, the community, the county and the state; 
and the government is asked to make large appropriations 
to care for these people. The menace grows bigger, the 
costs get larger and the problem multiplies. The Indian 
service, until the past year or so, has apparently 
supplied nearly every kind of service in some degree, 
except agricultural service. Within the past 18 months 
we have noted a marked change in attitude and this 
shows up in the reports on the Indian service. 


There were no replied of "no cooperation" in the 
Indian service reports. A few years ago if the same 
question had been asked those might have been few "yes" 
ones. There was one reply that said "not yet" and 
amplified by saying the unit was just being set up and 
weed work had not been started. One office reported 
that 72,950 acres of noxious weeds had been destroyed 
in 1951. We did not get replies from at least two 
Indian agency offices and if they had answered, the 
truth might have hurt. I am much encouraged, however, 
by the new attitude of the Indian service and the fine 
type of some of its new personnel. 


The next group is that of the Federal Forest Ser- 
vice. Frankly I was quite surprised at the amount of 
weed control effort that is being contemplated and the 
evident understanding of the problem in some places. 
Our own experience for a time, led us to believe that 
the forest service had no interest in noxious weed con- 
trol whatever. Six answers to the first question were 
unequivocally "no". One stated that there was no weed 
problem. One said “experimently only". Believe it or 
not, the sum total of all the acres of weeds destroyed 
this year, as indicated by all the reports was 3 acres 
of poison ivy. At the same time, one of the reports 
stated that there were 800 acres of Canada thistle alone 
in the Black Hills of South Dakota and the Big Horn 
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mountains of Wyoming. 
considerable effort has been spent on destro, 
Hypericum perforatum, (goatweed or Klamath weed 


It is interesting to note that 


with beetles, Chrysolina sp. The most encouraging 

thing to note is that the danger of weeds has been recog- 
nized. One of the reports stated, "The value of large 
areas of range land has been practically destroyed in 
Idaho and Northeastern Washington." 


Group three was U. S. Wild Life Service, cf the 
Department of Interior. Two agency offices reported 
no cooperation, both from states with no weed program. 
I deviate from the policy of not mentioning particular 
offices or areas to compliment the Fish and Wildlife 
Service office at Minneapolis, Minnesota, for its 
excellent report. That office reported that it 
destroyed noxious weeds on 67 acres of land, naming 
the weeds and the breakdown by acres of each weed. 
They expect when all records are in for this year 
that this figure will be increased by 50%. The number 
of "yes" answers were predominant and I believe this 
agency is trying to do the job. 


In the area covered by the conference, Head- 
quarters Fifth Army and various air terminals control 
thousands of acres of land. Due to the difficulty 
encountered in finding the proper channels, only one 
source contacted replied with the exception of Fifth 
Army. A Fifth Army representative is here and will 
make comments for the area under Fifth Army jurisdic- 
tion. From other sources, I do know that some military 
installations in Kansas, Nebraska, and one in South 
Dakota have cone some good work, but I suspect these 
are a part of Headquarters Fifth Arny. 


The various offices of the Bureau of Reclamation 
supplied us with a total of one reply and that one 
was "yes" and a very good report otherwise. We are 
well acquainted with one of their projects and on 
this one, where perennial pepper grass, Canada thistle 
leafy spurge and Russian knapweed have gained consider- 
ably headway, we are getting excellent cooperation. 


These are the reports. I am told that in Minnesota 
the Federal Government and state agencies own 15,000,000 
acres of land. One Canadian province has 10,000,000 
acres of "crown" land. The best figures from South 
Dakota indicate that including public roads, school 
and public lands, fish and game areas, Indian land, 
forest land, fish and wild life refuges, educational 
and institutional lands, federal parks, etc., there 
are about 11,000,000 acres. It has been estimated by 
some at 13,000,000 acres. You too would be astounded 
at the acreage of public owned lands in your state. 
Can any of us have a comprehensive program oi weed 
control if we ignore these areas? 


In conclusion, the following seems evident from 
this study: 


l. Every state must have an effective weed 
program and weed law. A few states cannot 
carry the program alone. 

2. Some federal legislation mst be enacted to 
provide that a federal agency cannot violate 
state laws; specifically it must remove 
exemption of federal land from complying 
with state weed laws. 


3. 


We have fallen down, and will continue to 
fall down on our jobs, if we do not "educate" 
leaders of federal and state agencies on the 
importance of weed control. It is a job of 
selling. 


lk. It can be done, because in certain areas 
all agencies have shown some cooperative 


effort. 


NEED CONTROL ON FEDERAL LANDS 


Wm. E. Shatwell 
GENERAL 
Fifth Army, with headquarters at Chicago, occupies 
approximately 685,000 acres at 6 locations in 13 
states. These states are approximately the same as 
the states around which this conference is based. 


The maintenance and management of land at military 
installations is a part of the assigned responsibility 
of the Army Engineers and obviously weed problems are 
an important phase of this responsibility. 


WEEDS 


Many definitions have been given for weeds, but 
from the military standpoint, weeds can be considered 
as “pestiferous plants" or "plants out of place". All 
types of vegetative growth may be considered weed 
growth when found in areas where vegetation mst be 
eradicated such as in areas immediately adjacent to 
powder storage magazines, railroad ballast, parking 
and open storage areas, etc. Therefore, rather than 
to define or interpret the meaning of “weeds", military 
problems are considered to evolve around vegetative 
control and may be categorized as follows: 


(1) Elimination of all vegetation to provide 
complete and positive firebreaks adjacent ammunition 
or critical materials storage areas, and to provide 
vegetative free areas where use requires, such as, 


railroad ballast areas, parking and open storage areas, 
etc. 


(2) Elimination of undesirable vegetation in 
improved grounds or lawn areas, in drainage ways, 
training areas, rifle ranges, etc. - weed and brush 
control. 


(3) Elimination of vegetation for compliance 
with Federal and State weed control laws - noxious 
weeds, 


(4) Control of vegetation, where eradication would 
result in soil erosion, to minimize potential vegeta- 
tive fire hazards. 


For conference purposes, the following comments will 
be based mainly on those plants generally known as 
weeds. 


Estimate of Acres Infested with Weeds: Actual 
data covering open acreages infected with weeds in 
the Fifth Army area is not available. However, 
using a typical storage installation, such as Pueblo - 
Ordnance Depot where approximately 10% of the total 
acreage is infested with Russian thistle, or a training 
camp such as Fort Riley, Kansas, where a similar 
acreage is infested with bindweed, as a basis for 
estimating, there would be approximately 68,500 
acres in the Fifth Army area infested with weeds. 
Generally speaking, infestations are not of a critical 
nature and gracually, with the aid of growth regulating 
chemicals, control is being accomplished. This acreage 
does not include acreages upon which all vegetation mst 
be eradicated or upon which woody plant control is 


necessary. 


Kind of Troublesome Weeds: From the extent of 
estimated open acreages infested with weeds in the 
Fifth Army, it is evident that troublesome weeds 
native of given areas will be found. From the stand- 
point of military operations, the most troublesome 
weeds are as follows: 


Russian thistle 
Downy brome 
Field bindweed 
Johnson grass 
Canada thistle 


Salsola pestifer 
Bromus tectorun 
Convolvulus arvensis 
Sorghum halepense 
Cirsium arvense 


Sunflower Helianthus (perennial 
and annual 
Ragweed - Ambrosia (common and 
giant) 
Hemp - Cannabis sativa 


All of the above weeds require control on military 

lands whether such lands are available for grazing 
(Range) or cropping (Farms) purposes or whether used 
solely for military purposes, such as training areas, 
ammunition storage and mamfacturing areas, etc. Of 
those lands used for ammunition storage, Russian 

thistle and Downy brome and Canada thistle are considered 
the most troublesome. 


Problems and ae caused by Weeds: Aside from 
effecting contro we to prevent estation to 
lands adjacent military reservations, vegetation must 
be controlled to minimize potential vegetative fire 
hazards, and to comply with requirements for military 
training aids. 


Active Weed Control Program: At present, the Fifth 
Army Vegetative Contro gram is planned annually 
for all installations and consists of chemical 
control or soil sterilization where such control is 
economically feasible, control by mechanical methods 
such as mowing, and hand eradication. In an effort 
to minimize expenditures of maintenance funds for 
vegetative control, every effort is being made to 
accomplish such control by grazing, either, by lease 
or by maintenance agreement where military activity 
will permit. 


(1) Russian thistle, Downy brome and Canadian 
thistle, Hemp and other noxious weeds are being 
controlled, insofar as available funds will permit, 
by one of the above methods. 


(2) Control of these weeds is considered of vital 
importance for the following reasons: 


(a) To eliminate vegetative fire hazards. 


(b) To prevent the spread of undesirable 
vegetation to adjacent properties. 


(c) To conform to recommendations of the 
U.S.D.A. Soil Conservation Service 
and manage public lands in conformance 
to standards recommended by U.S.D.A. 
for all lands. 


(3) At this time it is estimated that weeds are 
being controlled on approximately 60% of the total 
infested areas and each year acreage upon which weeds 
are being controlled is increasing. 


(4) Successful Methods of Control: 


(a) Mechanical methods of control have been 
successful and will continue to be used though chemical 
control is being substituted for mechanical methods 
when this use will result in reduced maintenance costs. 


(b) The advent of 2,4-D in its various formla- 
tions, has resulted in tremendous gains in the war on 
weeds at military installations. For example, tumble- 
weed or Russian thistle is now controlled inthe early 
stages of growth by the application of an isopropyl 
ester of 2,l-D. The salt formulations do not appear 
as effective on this plant. Generally speaking, 2,l)-D 
is fast becoming an essential item in the list of 
materials required for grounds maintenance at military 
installations. 


(c) Soil sterilants such as borax and borax 
chlorate compounds have been successfully used to 
establish vegetation control on railroads and on areas 
adjacent powder magazines. Borax, without the addi- 
tion of chlorate, has not proven to be a com lete 
soil sterilant and in some instances tends to stimulate 
plants sich as tumbleweed, quack grass and milkweed. 
Therefore, its use has not been satisfactory in areas 
where control of these plants is of major importance. 
Porax has been successfully used in humid areas and 
has resulted in improved maintenance standards that 
could not have been attained by hand mowing with the 
limited personnel available. 


(4) In areas where eradication of weedy vegeta- 
tion is not desired because of the fact permanent 
grasses are weak and a kill of weeds would result in 
erosion problems and in areas where vegetation must 
be controlled but mechanical methods cannot be employed, 
excellent results have been obtained by chemical mowing 
with dinitro-ortho-secondary-butylphenol. This material 
is not selective but effects a top kill of vegetation 
and regrowth occurs, though retarded, fromroots. 


Weed Control Research Program: The Repairs and 
Utilities Branch of the Fiith Army Engineer Section is 
fundamentally a maintenance organization. However, 
because of the fact weed control problems arise that 
are peculiar to military installations and answers have 
not been readily available fro- research agencies, 
such as the problem of tumbleweed previously mentioned, 
experimental plots are established at installations 
where these problems exist. 


SUMMARY 


In 1945, because of premature publicity by commer- 
cial concerns, the discovery of selective p lant hormones 
was publicized by the United States Department of Agri- 
culture. At that time, available information was not 
adequate to support the cure-all claims of commercial 
concerns for the new weed control chemicals anc Depart- 
ment of Agriculture releases were justifiably cautious. 
Original advertising claims are still unsubstantiated. 
However, since 1945, the introduction of various chemi- 
cal formulations of 2,l-D and other selective type 
herbicidal chemicals has lead to a highly specialized 
field of weed control. We have learned that these weed 
killing chemicals are not cure-alls but are a valuable 
aid to our maintenance problems of controlling and or 
eradicating vegetative growth. Obviously, in a develop- 
ment this rapid, there have been many failures. In 
general, failures can be attributec to two basic reasons: 
(1) Indadquate basic information, pertinent to the use 
of chemicals, and (2) Inadequate equipment. 


(1) Inadequate basic information pertinent to the 


use of chemicals, which lead to improper dosages and 
to failure to use herbicides at time when reaction would 
be most effective, is perhaps the major factor in 


unsuccessful use of weed control chemicals. This fac- 
tor is being eliminated as results of successful 
experimentations are made available to individual 
operators. 


(2) In 1945, equipment used for the application 
of 2,l4-D consisted of equipment previously on hand 
for applying insecticides and fungicides. Generally 
speaking, this equipment operated at high pressures, 
normally 100 lbs. or more, and at large volumes, 100 
- 200 gallons per acre, automatically limiting the 
efficient use of the chemical. While 100 to 200 gallons 
per acre was required to obtain coverage, it was a 
known fact that a very small quantity of the chemical 
was essential to effect desired vegetative control. 
This lead to the development of low pressure, low 
gallonage equipment, and today, satisfactory results 
have been obtained by airplane spraying with as little 
as 3 quarts per acre and ground equipment has operated 
successfully at five gallons per acre. Currently 
at military installations effective spraying is being 
accomplished at 5 to 10 gallons per acre. 


In order to minimize reasons for failure indicated 
above, it will be essential to establish a strong 
liaison between research agencies and actual operators. 
Research men too often gain information without making 
it available, or, if made available, use a vocabulary 
and phraseology that is so highly technical the actual 
operators cannot comprehend. Sectional Weed Control 
conferences such as this conference have been held for 
the last seven years and their programs have normally 
been so highly technical, the actual value of research 
gained has been dwarfed to those in the field respons- 
ible for successful large scale application. At military 
installations coordination between research and actual 
field work is the responsiblity of the Army Agronomist, 
but there are many types of operators having no liaison 
between research and field. Panel discussions such as 
this at sectionalized weed conferences is a most impor- 
tant step toward the dissemination of necessary informa- 
tion gained by the various research agencies and subse- 
quently more successful vegetative control by chemical 
application will result. 


SALE OF SCREENINGS AND LAW ENFORCEMENT 


G. R. Sterling 


For the last 25 years the Grain Trade in Western 
Canada has handled an average 200,000 tons of screenings 
anmally. This varies from a low of 74,000 to a high 
of 328,000. Actually more weed seeds than the above 
are produced. The above figure represents the veed 
seeds contained in grain delivered at elevators in 
Western Canada. Much grain is fed on farms and weed 
seeds therein are not counted in the above mentioned 
figure. Most of the screenings mentioned above are 
removed from grain either at the head of Great Lakes 
or Pacific Coast terminals. 


Some of the above mentioned screenings are fairly 
good feed for livestock while others are no better, if 
as good as hay. The feeders in the province of Alberta 
used approximately 20,000,000 pounds while feeders for 
British Columbia used 23,000,000 pounds during the last 
winter feeding season. British Columbia also exported 
approximately 46,000,000 pounds back to the Prairie 
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Provinces. Much of the weed seeds were originally 
shipped in grain from the Prairies to British Columbia. 


We have two Federal or Dominion of Canada Acts 
which effect the sale of screenings in all provinces. 


The Canada Grain Act sets out four grades of 
screenings. These grades are as follows: 


No. 1 Feed Screenings consists of wild buckwheat 
and broken and shrunken grain and may contain small 
proportions of other seeds of fedding value and wheat 
scourings. It shall contain not more than 7 per cent 
of crude fibre, not more than 3 per cent of small weed 
seeds, chaff and dust combined, not more than 5 per 
cent of ball mustard, not more than 6 percent of 
small weed seeds (those capable of passing through a 
4.5/6 inch round perforation), chaff, dust and ball 
mustard combined, not more than 8 per cent of wild 
oats, and shall be cool and sweet. 


No. 2 Feed Screenings is grain screenings with 
or without wheat scourings and containing not more 
than 11 per cent of crude fibre, not more than 3 per 
cent of small weed seeds, chaff and dust combined, 
not more than 10 per cent of ball mustard, not more 
than 10 per cent of small weed seeds (those capable 
of passing through a 4.5/6 inch round perforation), 
chafr, dust and ball mustard combined, not more than 
49 per cent of wild oats, and shall be cool and sweet. 


No, 1 Feeds Screenings and No. 2 Feed Screenings 
shall not contain more than one per cent by weight 
of the materials listed in the following table and 
an additional one per cent by weight of wild mustard 
and hare's ear mustard seeds. 

Darnel - Lolium temulentum L. 

- Purple Cockle - Agrostemma githago L. 

Cow cockle - Saponaria vaccaria L. 

Wild mustard - Brassica species 

False flax - Camelina species 

Wormseed mustard - Erysimum cheiranthoides L. 

Stinkweed - Thlaspi arvense L. 

Tumbling mustard - Sisymbm um altissimum L. 


Hare's-ear mustard - Conringia orientalis (L.) 
Dumort 


Ergotized grains 


Unc leaned Screeni is grain screenings excluded 
from the preceding = or classes because of the 
content of weed seeds, chaff or dust, but containing 
at least 35 per cent of material which, if separated, 
would classify as No. 1 Feed Screenings. 


Refuse includes all classes of grain 
screenings excluded from the preceding grades or 
classes because of the content of weed seeds, chaff 
or dust. 


Screenings from small seeds, such as clovers and 
grasses, may be classified according to the crop 
seed from which obtained. 


Scourings consist of such portions of the cuticle, 
brush, while caps and other mterials as are separated 


from grain in the usual coumercial process of scouring. 


As far as the Canada Grain Act is concerned 
screenings may be sold provided they are clearly 
graded and labelled as one of the aforementioned 
grades. 

The second Federal or Dominion Act is the "Feed- 
ing Stuffs Act". Under this Act any of the screenings 
as graded according to the Canada Grain Act may be 
used as an ingredient in a prepared feed provided the 
feed comes within listed requirements as to protein, 
carbohydrate, fat and mineral content and also; pro- 
vided that the prepared feed does not contain more 
than fifteen vital weed seeds per ounce of any or all 
of the weeds. 

Bladder campion - Silene cucubalus Wibal 

Blue Weed - Echium vulgare L. 

Canada thistle - Cirsium arvense (L.) Scop. 

Chicory -Cichorium intybus L. 

Couch grass - Agropyron repens (L.) Beauv. 

Cow cockle - Saponaria vaccaria (L.) 


Darnel - Lolium spp. other than L. pereme L. 
and L. multiflorum Lam. 


Dock = Rumex cripus L. and Rumex obtusifolius L. 

Dodder - Cuscuta spp. 

Downy Brome - Bromus tectorum L. 

False flax - Camelina spp. 

Field bindweed - Convolvulus arvensis L. 

Field peppergrass - Lepidium campestre (L.) R. Br. 

Flixweed - Descurania sophia (L.) Wats. 

Forked catchfly - Silene dichotoma Ehrh. 

Hoary alyssum - Berteroa incana (L.) D.C. 

Hoary cress - Cardara draba (L.) Desv. 

Johnson grass - Sorghum halepense (L.) Pers. 

Lamb's quarters - Chenopodium spp. 

Leafy spruge - Euphorbia esula L. 5 

Mustard, ball - Neslia paniculata (L.) Desv. 

Mustard, dog - Erucastrum gallicum (Wild) 0.E. 
Schulz 

Mustard, hare's ear - Conringia orientallis (L.) 

Dumort. 
Mustard, tansy - Sisymbrium incisum Enzeln. 
Mustard, tumbling - Sisymbrium altissimum L. 


Mustard, wild - Brassica kaber (DC) Wheeler, 
B. juncea (L.) Cosson, B. Nigra 
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(1.) Koch, B. campestris L. 

Mustard, wormseed - Erysimm cheiranthoides L. 

Night flowering catchfly - Silene nociflora L. 

Ox-eye daisy - Chrysanthemum leucanthemm L,. 

Perrennial sow thistle - Sonchus arvensis L. 

Poverty weed - Iva axillaris Pursh. 

Purple cockle - Agrostemma githago L. 

Ragweed, common ~ Ambrosia artemisitifolia L. 

Ragweed, false - Iva xanthifolia Nutt. 

Ragweed, great - Ambrosia trifida L. 

Ragweed perennial - Arbrosia coronopifolia J.&G. 

Red cockle - Lychnis dioica L. 

Redroot pigweed - Amaranthus retroflexus L. 

Ribgrass - Palntago Lanceolata L. 

Russian Knapweed ~- Centaurea repens L. 

Russian pigweed - Axyris amaranthoides L. 

Russian thistle - Salsola kali L. 

Stickseed - Lappula echinata Gilib. 

Stinkweed - Thlaspi arvense L. 

Toad flax = Linaria vulgaris Hill. 

White cockle - Iychnis alba Mill. 

Wild carrot - Daucus carota L. 

Wild radish - Raphanus raphanistrum L. 

Winter cress or yellow rocket - Barbarea spp. 

Yellow cress - Roripa palustris (L.) Bess. 

Actually it is practically impossible to us 
screenings in prepared feeds other than No. 1 or 2 
screenings because uncleaned and refuse screenings 
contain so many small seeds that it is virtually 
impossible to grind them fine enough so as to get 
less than fifteen vital weed seeds per ounce. 

Besides the foregoing, each of the four Western 
Provinces have regulations governing the feeding and 
sale of screenings. 
British Columbia 

In British Columbia No. 1 and 2 screeninvs as 
graded under the Canada Grain Act may be removed from 
elevators, offered for sale or sold as livestock 
feed. Any screenings lower than a No. 2 of the Canada 
Grain Act may be bought, sold and moved only on 
permit in writing from the Minister of Agriculture 
or a person authorized by the Minister. A farmer 
may have grain cleaned at an elevator and may take 


the screenings from said grain home to his own farm 
without a permit. 


| 
| 
| 
| 
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Any elevator or grain cleaning establishment may 
keep screenings from grain which they have cleaned 
and may export them out of the province. They must, 
however, report to the Minister or his authorized 
deputy the quantity of screenings sold, the date of 
the sale, name of the country or place to which they 
are exported and the intended date and place of ship- 
ment. 


Fines for violating any of the above are not to 
exceed $500.00. 


Alberta 


In Alberta screenings can not be transported from 
a mill, elevator, warehouse or box car until a permit 
has been obtained from the Weed Inspector for the 
area or the Field Crops Branch, Alberta Department of 
Agriculture. Before granting a permit the issuer 
satisfies himself that the screenings will not be 
scattered in any way either on roads or private lands 
during transit and also that they will be kept in 
tight containers such as bins, etc., upon reaching 
the destination. 


Screenings can only be fed in feed lots approved 
in writing by the Weed Inspector for the area. 


Saskatchewan 


The Weed Inspector in Saskatchewan can prohibit the 
sale, disposal purchase or movement of any field crop 
seeds found to contain Noxious Weed Seeds. This 
includes both grain containing weed seeds and screen- 
ings. The Inspector for a rural municipality may 
exercise the same powers within urban centers located 
in the mnicipality. 


A municipality may by by-law require that any 
owner or agent shall notify a Weed Inspector of the 
municipality before moving into the municipality any 
grain containing weed seeds or screenings. The owner 
or agent must allow a reasonable opportunity, for the 
inspection of the material by a representative of 
the municipality. 


Registered seed coming in sealed sacks bearing the 
seal of the Canadian Seed Grower's Association is 
exempt from this by-law. 


Before anyone can purchase screenings from a grain 
elevator he mst obtain a permit to do so from the 
Weed Inspector or Secretary - Treasurer for the munic- 
ipality. A farmer may move his own screenings from 
the grain elevator back to the farm on which they were 
produced without obtaining a permit. 


Manitoba 


Any person, firm or co-operation who offers to sell 
or sells any feed products which contains seeds of 
Noxious weeds in excess of regulations of any Canadian 
Statue, either in crushed or in whole condition shall 
be liable to a penalty of not less than $25.00 and 
not more than $100.00. 


Any person, firm or co-operation including trans- 
portation companies shall not scatter weed seeds on 
rights-of-way, road allowances, fields, etc. Penalty 
on conviction for same is not less than $25.00 and 
not more than $100.00. 


Any Inspector in Manitoba may forebid the placing 
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of screenings in public or private places. If he 
finds Noxious weed seeds in any such place where they 
may be scattered over the land of any person, he may 
order, destruction, or removal, as he sees fit and 
such order must be obeyed within a reasonable time. 


In summary I would like to say that all four 
Western Provinces have varying types of regulations 
regarding sale and disposal of weed seed screenings. 
In general, however, regulations are such so as to 
avoid the scattering of weed seeds on farm lands and 
to avoid the starting of new patches in a locality. 


SAFETY MEASURES; PROHIBITION OF MOVEMENT AND SALE 


OF NOXIOUS WEED INFESTED MATERIALS 
Warden L. Noe 


A law which prescribes for the eradication of 
noxious weeds, for the control of movement and sale 
of noxious weed infested materials, and penalties for 
violations, is not a guaranty against all movements, 
sales and seedings of noxious weed seeds. 


Certainly a good law, rigidly enforced by admin- 
istrative officials, is a very important and effective 
factor, but the real safety factor is vigilance by 
the landowners, and tenants who till the soil and feed 
livestock. 


Since my experience is limited to Kansas and a 
knowledge of its laws, I propose to confine my remarks 
to Kansas, yet holding to the belief that conditions 
and laws of the other conference states are quite 
comparable. 


Under the Kansas weed law, fiela bindweed, Russian 
knapweed and hoary cress are declared noxious and the 
county commissioners are given authority by local 
option to include Johnson grass. The obligation to 
eradicate these weeds is primarily imposed upon the 
landowners, with a secondary duty upon public officials 
to intercede and act where there is neglect or failure 
on part of the landowmer. Where public officials do 
the eradication work, the costs can be spread against 
the lands as special taxes. 


Commendable and effective, as this law and pro- 
cedure is for eradication of infestations, the safety 
factors against new infestations on reinfestations, 
are found under other sections of law and general 
good practices for farm operations and livestock 
feeding designed to curtail the movement and sale of 
noxious weed infested materials. 


What are some of the materials so mentioned? 
These carriers can be agricultural and garden seeds, 
grain, screenings, farm feeds, commercial feeding 
stuffs, nursery stock, manure, sod, soil, combines 
and other farm equipment, livestock, predatory 
animals and birds. 


Movements and sales of all such materials, except 
through animal life are prohibited by law in Kansas. 


Cleaning of combines, feed grinders, seed cleaners, 
and ensilage cutters must be first cleaned of noxious 
weed seed before being moved into the state or before 
being moved from any noxious weed infested field or 


farm. Commercial tors are required to have their 
equipment labeled with a decal containing the pertinent 
section of this law. 


can be made salable if processed so that 
the of noxious weed seeds are destroyed. 


Livestock feed material, which includes farm crops 
and commercial mixtures cannot be legally sold if 
infested with viable noxious weed seed, except that 
farm crops can be sold for feeding on premises where 
grown, or to commercial operators who process and 
destroy viable noxious weed seed before re-sale. 


The sale of agricultural seed is prohibited if it 
contains any of these noxious weed seed, or any leafy 
spurge, an excess of Johnson grass or dodder. If it 
contains any Canada thistle, Johnson grass, dodder, 
buckhorn plantain, wild mistards, French weed, quack 
grass, wild onion, dock, bull nettle, wild carrot, 
chess or cheat, morning glory, ox-eye daisy, or hedge- 
bindweed, it must be labeled to show number of each 
such weed seed per pound, 


The agricultural college at Manhattan, has been 
required to make ite laboratory and staff available 
to our regulatory department for analysis cf samples 
of materials submitted by us. The legislature has 
now authorized the construction of a laboratory for 
our department in the state capitol which should 
affect an improvement in possible speed of handling, 
and efficiency of a staff of permanent technicians. 


Kansas, I assume, is not much different from other 
states in that it relies upon neighboring states for 
importation of seeds and feeds, and in years of crop 
failures or crop shortages, this becomes a very 
important phase of our control program. 


We have had the co-operation of the grain depart- 
ments of sister states and where the efficiency of 
such agencies has been established, their certificates 
have been accepted in permitting seed, grain and feed 
to move into our state and to point of consignment. 
Such certificates are not an absolute guaranty that 
noxious weed seed are not in such materials, as the 
examiner can only certify that none such was found 
in the official sample taken. If it later develops 
that the material actually does contain such noxious 
weed seed, our department does not request criminal 
prosecution for such sale, but does concern itself 
that further sales be not permitted. 


As a final safety precaution, many seed and feed 
dealers, will request their local county weed super- 
visor to recheck certified noxious weed free materials. 
This recheck gives them easy access to a local witness 
should they later become involved in any civil litiga- 
tion for damages based upon sale of noxious weed 
infested seed or feed. 


Our department does not encourage such recheck of 
seed or feed where it has once been cleared, but we 
cannot and do not permit sale of any infested materials, 
once the infestation has been established, no matter 
how small the percentage of infestation. 


Prosecutions were had this fall against a seed 
dealer who sold in bulk, unlabeled rye seed and 
against a farmer who sold wheat seed infested with 
field bindweed. Our law remires labeling on bin 
where seeds are sold in bulk, except that farmers may 


sell without labeling where both producer and planter 
know the seed if free of the seed of noxious and pro- 
hibited weeds. 


I believe one of the most effective safety 
measures which can be practiced is for the producer 
to be assured that his premises are cleaned by the 
complete eradication of all noxious weeds infestations. 
When this has been accomplished, he can then be 
relieved from the possibility of unfavorable analyses 
of samples taken from crop or grains moved and sold 
from his premises. 


The 1951 Kansas Legislature enacted an aerial 
spray law which becomes effective Jamary 1, 1952. 
This law requires the registration of all aerial 
spray operators, and the listing of all units of 
eqiipment. Bond is required in the sum of §2,000 
for the first unit, and $1,000 for each additional 
unit, conditioned that the operator will comply with 
the provisions of said act (Chapter 15, Laws of Kansas, 
1951). Said bond is issued for the use and benefit 
by such persons who may suffer injury or damages as 
the result of the applicant's dispersal of fungicides, 
herbicides, or insecticides. Basically, this law is 
a safety measure as it effects the aerial spray 
operator, the farmer, and the purchaser of the farm 
crops. I believe that it will tend to "weed out” 
the unreliable aerial spray operator; it will make the 
reliable operator more conscious of his moral 
responsibilities and legal obligations; it will assist 
the producer in obtaining more effective aerial spray 
applications in his noxious weed eradication program; 
as the producer's farms are cleaned of noxious weeds 
by this method, the cultivation method, the ground 
application of chemicals, the purchasers of his crop 
and grains will be able to buy with less concern 
and fear from the possibility of criminal or civil 
proceedings which might follow against him as the 
result of the resale of any noxious weed infested 
products. 


Another feature of the aerial spray registration 
law is the condition and requirement that non-resident 
operators must file a written irrevocable consent 
that actions for damages resulting fram the applica- 
tion of chemicals and actions to enforce contracts 
may be commenced in any county in the state in which 
the cause of action may rise, or in which the plaintiff 
resides, and providing further that the service of 
summons may be had upon such non-residents through 
the office of the Kansas Secretary of State who shall 
forward copy of said summons to the registrant at his 
out of state address. These non-residents are also 
required to furnish evidence of qualifications to 
engage in such activities in their native states, but 
are permitted to make payments of registration fees 
in the amount required by their state or the State of 
Kansas, whichever is the greater. The Kansas registra- 
tion fee is $10 for each unit of aircraft, except that 
non-residents are to pay the amount of registration 
required in their native state. 


Aerial spray operators are required to keep com- 
plete records of their aerial spray operations and to 
make them available to the Secretary of the State 
Board of Agriculture upon request at any time. They 
are also required to furnish the customer a duplicate 
of the record involving such customer. The penalty 
section of the said law provides for a fine and jail- 
sentence for violations; the fine being not to exceed 
$500, and the jail sentence not to exceed one year. 


Both fine and a jail sentence may be imposed. 


It is the conclusion of the speaker that the 
greatest safety factor in the sale anc movement of 
materials, which are susceptible of noxious weed 
infestations, is for the purchaser to be fully informed 
as to the origin of such products. The purchase of 
certified seeds is certainly a move in this direction. 
Perhaps this system can be extended to apply to certi- 
fied premises from which farm feeds, grains, sod, 
nursery stock and soil originate. Certificates of 
freedom of infestation of the premises of origin, 
impress the speaker as being more reliable than a 
certificate of the freedom of infestation of an 
analyzed official sample of the product being pur- 
chased. The certificate covering the sample is not 
an absolute guaranty against the presence of any 
viable seed of any noxious weeds. 


Much remains to be done before products which are 
susceptible of noxious weed infestation may move and 
be sold freely without any restrictions or limitations 
in order to determine the presence of the common 
enemy, noxious weeds. 


A COUNTY WEED CONTROL PROGRAM 
C. J. Hatcher 


The original topic assigned to me for this con- 
ference was "What I expect of an Extension Weed 
Specialist." Since Oklahoma does not have an "Exten- 
sion Weed Specialist," I will approach the subject 
from a different angle and call it "A County Weed 
Control Program." 


Each spring there is a kind of epidemic among 
the farm people who get excited about some weed they 
find growing on their land. Some of these weeds 
have been on their land for many years and they have 
not been conscious of them. Others are new weeds to 
them, having just made their appearance on their land 
for the first time. 


Then there are the city residents and people who 
live in small towns who are interested in growing 
small gardens and flowers, many of these are making 
their first attempt at this venture. This will give 
an idea as to the number of people and the number of 
different kinds of peoples that mst be considered 
in the control of weeds. 


A County program that will meet the needs of all 
or most all of the above outlined needs will be diffi- 
cult and time consuming. But it can be done and I 
believe it will be a worthwhile project if and when 
it is started. 


Any kind of an organization that functions properly 
must have a head. So in setting up a county program 
I would have a county weed control chairman and a 
Board of Directors of nine which would give each legal 
division of the county three members. The three board 
members of each district would be a sub-committee or 
sub-board directly in charge of their particular sec- 
tion of the county and to make the organization more 
complete a township committee could be selected to 
insure complete county coverage. 


The first duties of this organization would be to 


determine as accurately as possible the number of farm 
that have difficult weed control problems. When this 
information has been collected for the county, a 
plan of action mst be decided on by the county weed 
control board. This plan of action aewiat take one 
of several possibilities. 

1. Education 

Education is one of Extension's best methods of 
establishing a program. In this particular program 
the farmers need a specialized type of education. 
This educational program here on the High Plains 
should be in the form of demonstrations on different 
Plots of weeds and during the entire growing season 
in order that all of the weeds present could be 
worked on. Illustrated bulletins showing the differ- 
ent kinds of weeds and a recommendation for the 
control of each weed. Another very important educa- 
tional point should he a special school of instruc- 
tion for local chemical dealers for these people 
have a great deal of influence on what the farmers 
buy to control their weeds. They should be instructed 
on how the different chemicals should be used as to 
the strength and variety of chemical best suited to 
the control of the different weeds under variable 
conditions. 

2. Soliciting the aid of all agricultural agencies. 

Soliciting the aid of all agricultural agencies 
is a very important factor in any county agricultural 
program. The PMA program is in a position to render 
invaluable aid in a weed program as they can make pay- 
ments for the control and eradication of certain types 
of weeds. They can be used to advantage in locating 
the weed hazards in the county as they collect data 
for their own programs. This agency may further help 
by encouraging the farmers to cooperate with the 


adopted county program. 


The Soil Conservation Service may also be of 
invaluable assistance to a county weed program 
through their pasture and soil work. 


The Farmers Home Administration can assist by 
their contact with a group of farm people that are 
often over-looked by some agencies or groups. 


The local Production Credit Association is often 
in a position to make suggestions to the farmers that 
they deal with as to the best method of controlling 
the weeds on their land. 


3. Sell the program to the business people in 


the county toms. 


The business men in the towns and cities are sel- 
dom aware of what is happening to their source of 
business income. This is particularly true in the 
larger cities. I would like to cite one example in 
a large agricultural county where it has been estimated 
to have 100,000 acres of bindweed alone. This 100,000 
acres producing 20 bushels of wheat per acre wuld 
total 2 million bushels of wheat or approximately 
million dollars annually. This amount taken out of 
the income from one county is sure to make a dent in 
the county business. So it is important that the 
business men know about the weed situation and they 
will support a sound weed program in anyone's county. 


4. Ask assistance of the Board of County Commis- 


sioners,. 


The County Commissioners can be used to help by 
controlling the weeds along the right-of-ways and by 
using control methods to prevent the spreading of 
noxious weeds and grasses such as Bindweed, Joint Grass, 
and Johnson grass. 


5. Work toward State Legislation that would be 
more effective than the present State Laws and pro- 
visions for weed control. Work toward legislation that 
will bring a uniform programto all counties and a pro- 
gram that will not burden elected officials with the 
enforcement of an inadequate program. 


Perhaps a combination of two or more of these sug- 
gestions could be used to advantage. 


So much has been said about the need for weed con- 
trol program and the organization of the program. 


A few things that I believe would go a long way 
in making any weed control program a success here on 
the High Plains would be experiments in the use of the 
different weed control chemicals under our climatic 
conditions. It has been my experience and observation 
that many times the chemicals used in weed controldo 
not react under our dimatic conditions as they might 
under the climatic conditions two or three hundred 
miles away. Another point I believe would help the 
average farmer would be the stablizing of the strength 
of spray chemicals. At the present time the strength 
of the killing agent varies from a very low percentage 
to a very high percentage. Many inexperienced people 
will try some chemical they have heard about and it 
does not prove effective or the product was so strong 
that it burned the weeds and if a crop was present, 
it killed the crop also. The directions on the material 
containers usually tells how much to use in liquid 
measurement. It would help if the poundage of active 
chemical could be put on the container since we believe 
it is easier and more accurate to use the poundage 
scale of measurement for most weeds on an acreage basis. 
We have lots of acres of weeds. 


I believe the success of any county weed program 
will depend on sound organization, coordination and 
cooperation. 


WEED CONTROL EXTENSION IN CANADA 


George Knowles 


Possibly one engaged in weed control research has 
no right to talk to a group like this about weed con- 
trol extension. However, the memory of an experience 
I had many years ago was partly instrumental in 
persuading me to undertake this assignment. 


My first visit to the Ford Motor Plant in Dearborn 
was at the time the Boll Weevil was a threat to the 
cotton crop in the Southern States. Mr. Ford, looking 
far ahead, was investigating the possibility of using 
flax fibre as a substitute for cotton. On visiting the 
Dearborn plant, I was surprised to find that the man 
in charge of the carding, spinning and weaving of the 
flax fibre had no previous experience with flax. On 
discussing this peculiar situation with the gentleman 
who accompanied me through the plant, he said, "this 
is Mr. Ford's idea, he reasons that if 4 man were put 
in charge who had been trained in the usual routine of 
making linen he would not learn anything new", 


I do not promise to tell you anything new, I shall 
simply give you an outsider's views about weed control 
extension, based on observations made in Canada. 


Weed Control Extension 


There are three links in the chain of chemical 
weed control. One of these is the industrial chemist 
who forges the herbicidal weapons. Another is the 
research worker who learns the most effective ways 
of using these weapons. The third is the extension 
worker who demonstrates these chemical weapons and 
gives leadership in their use in the actual fight 
against weeds. All links are equally important, each 
has little value without the companionship of the others. 
However, of all the men engaged in weed control, the 
extension man has possibly the most difficult task for 
he has to deal with people, who are even more variable 
and complex than soils. The man who effectively gets 
across the available information about weed control 
has “something on the ball". 


INTEREST NEEDED 


The secret of effectively extending the knowledge 
available about weed control in Canada or anywhere 
else ia a keen interest in the job. Someone has said, 
"Genius is intense interest". To the man who is 
intensely interested in his work nothing seems impossible 
and his confidence is absorbed by those in contact with 
him. The man who is intensely interested in controlling 
the weeds in his county, state or province does not 
need much advice from anyone. He himself is full of 
ideas and his own ideas are usually better than any he 
can get from another person. 


Sir Thomas Lipton was, perhaps, one of the world's 
greatest extension men. If we exclude his keen inter- 
est in yacht racing, his most absorbing interest was 
in how best to sell Liptons Tea, It is said that one 
time when on his way to India the ship on which he was 
sailing was delayed for a time in the Red Sea. A 
number of wooden boxes were floating near his anchored 
ship. Sir Thomas went to the chief engineer and per- 
suaded him to make a stencil. Then he was lowered in 
a boat and rowed out to the floating boxes. On them he 
stamped "LIPTONS TEA", No one advised Lipton to stam 
Liptons Tea on boxes floating on the Red Sea. Ideas 
7 unexpectedly in a mind keenly interested in 
a job. 


EXTENSION WORK IS INTERESTING 


Fortunately weed control extension is extremely 
interesting work. Surely at a time when there are so 
many hungry people in the world there can be no more 
useful and inspiring work than cleansing your community 
of unsightly plants which greatly reduce crop yields. 


Nothing gives one a more satisfied feeling than 
the evidence that he has been of real help to someone 
else. Allow me to cite a personal example of this. A 
few years ago, a farmer who lives not far from Ottawa 
asked me if I could kill perennial sow thistle in a 
field of oats. He told me he had been sick the previous 
year and had not been able to take proper care of his 
farm. He had thirty acres of oats so badly infested 
with sow thistle that the look of it gave him another 
kind of sickness. I told him how much chemical to 
purchase and loaned him our sprayer to apply it. I 
have rarely seen a man more pleased with the results. 
"I have never threshed a cleaner crop of oats", he said. 


My pleasure was just as great as his. 


Almost every day the extension man is given an 
opportunity of helping some one who needs his help. 
Men engaged in weed control extension must, therefore, 
know little about the unhappiness and discontent of 
which so many people complain. 


VERIFICATION 


No one can talk with a convincing ring in his 
voice unless he is absolutely sure he knows what he 
is talking about. For this reason the first step 
in effective weed control extension work is verifica- 
tion in your own community of the research workers 
findings. You should ask one or more of your farmer 
friends for permission to try, on a small scale, a 
treatment which the research men have recommended. 
Then when you have convinced yourself and your farmer 
friends that the treatment is good and practical you 
can advocate its wider use with convincing authority. 


Again, I should like to make this point stronger 
by relating a personal experience. In the year 19k, 
the year before 2,l-D was introduced in Canada, I 
read a very arousing article which told about the con- 
trol of weeds in the United States by the use of a 
hormone substance. Although the names of reputable 
men were associated with these experiments, I found 
it difficult to believe what they said. It seemed too 
fantastic. However, when I saw what 2,l\-D did to 
weeds on the Central Experimental Farm, at Ottawa, 

I had no more doubts. When I saw the miracle with 
my own eyes I was no longer skeptic. 


CONSU LTATION 


Some weed problems are of such a nature that they 
require collective consideration by extension men. 
One example of what I have in mind is the infestation 
of wild carrot in Eastern Canada. This weed commenced 
in Western Ontario, now few areas in that province are 
free from it. At the rate it spreads one can visulise 
its infestation from the Great Lakes to the Atlantic 
Sea-Board. Wild carrot normally infests pastures, 
roadsides, fence rows and waste areas. Perhaps the 
harm it does is less than the cost of controlling it, 
but its conspicuous presence is bad for the moral of 
weed control. It seems to me that when faced with a 
problem of this kind, extension men from the areas affect- 
ed should get together and declare a common policy 
regarding their common problem. If its control is 
not economically sound then the extension men should 
say so. If on the other hand it can be shown that 
the control of wild carrot is profitable then it should 
be attacked in a bold and spectacular way. I like 
the idea of creating a wild carrot free township in 
those parts of Ontario where this weed is the worst. 


EXTENSION METHODS USED IN CANADA 


There seems little need to emumerate the methods 
of extending weed control in Canada. They do not 
differ greatly from those used in the United States. 
I should like, however, to say a word on behalf of 
our weed control conferences. We have two main weed 
control conferences held annually. One serves the 
area west of the Great Lakes, the other the area east 
of these lakes. The herbicide committee of each of 
these conferences makes fairly definite recommenda- 
tions regarding the use of the different herbicides. 
The companies selling 2,l)-D at any rate, accept these 
recommendations and the directions on the label of 


their products are practically the same as the con- 
ference recommendations. In this way the men who 
sell herbicides are among our best extension men. 


By feature articles in farm journals and other 
means of publicity, the Canadian people have been 
kept well informed on the newest developments in 
weed control. Then, when more detailed information 
is desired, it may be obtained from the various depart— 
ments of Agriculture, Federal and Provincial. 


This year the acreage treated for weed control in 
the three Prairie Provinces alone was 11,326,000 acres. 
The extension metiods used appear, therefore, to have 
been effective at least in Western Canada. 


In Eastern Canada the story is different. There 
the farms are smaller and the system of farming mch 
more diversified than in the grain producing prairie 
provinces. In the east grain is often used as a 
nurse crop for grasses and clovers and some of the 
clovers are highly sensitive to 2,l4-D. Then too, 
there are often fields of crops which are quite sensi- 
tive to 2,4-D. The control of weeds in Eastern Canada 
is too complex for farmers whose interests are so 
diversified. Furthermore, eastern farms are often 
too small to warrant the purchase of a sprayer. For 
these reasons weed control east of the Great Lakes 
is becoming a specialized job. Extension men are 
encouraging custom spraying in every way possible 
and the number of custom operators is gradually 
increasing. 


In conclusion I see in this North American Con- 
tinent a team of weed control workers made up of 
industrial chemists who give us the chemical tools, 
research men who learn how to use these tools, and 
extension men who carry this information to farmers 
and others interested in weed control and give leader- 
ship in the actual attack on weeds. Working together 
as a closely knit team there should be no limit to 
how far we may go in the control of unwanted plants. 


— 


OUR ENTHUSIASTIC YOUNG WEED FIGHTERS 
Leonard L. Schrader 


Perhaps one of the most interesting programs or 
activites in connection with the Extension Service is 
the enthusiastic work being done by young l-H boys 
and girls. These youngsters learn many things through 
the help of county extension agents, their leaders 
and state office personnel. Their motto "Learn by 
Doing" can certainly be applied to the interest they 
take in making studies of weeds and their control as 
part of their l-H program. 


The l-H youngsters in the western or range area 
of the state have taken the lead on this as it is 
included as part of their Range Management project. 
They are required to find and collect many grasses 
and weeds found in their area every year in order 
to receive credit in their project. After they 
have collected these specimens it is essential that 
they properly press, mount and lable each one. The 
process of drying the specimens properly without 
receiving heat damage is often times very difficult 
as some plants are very succulent and hard to press 
neatly. After they have collected these various 
specimens, they are required to give information 


about the plant such as: its scientific name, habitat, 
where it was found, its forage value if any, parts of 
the plant that will help to identify it, and any 
important information about each specimen. By doing 
this they learn to identify many plants, many of which 
may be quite serious, on their farms and ranches. 
They then can receive information on control methods 
that may be applied, by reference material and con- 
sulting with people acquainted with proper methods. 
The plants are then placed in a scrapbook in various 
groups as to value or usefulness. 


After a few years of collecting these plants 
large collections are accumulated. They are really 
a study in themselves. When they are exhibited at 
Achievement Days, State Fairs and other similar 
events, many adults study the specimens mounted in 
these books and in turn recognize many of them as 
growing on their farms. This gives farmers and owners 
of land an incentive to do something about their weed 
problems. 


the summer when the plants are growing 
actively, l-H Botany schools are held. This has 
been done the past two years in the Black Hills area 
of the state. At these schools assistance is given 
the leaders, county agents and .-H Club members on 
the identification and methods of collecting and 
preserving plant specimens. The various plants are 
studied as to their relative importance. Help is 
also given on assisting the boys and girls in com 
pleting their collections for the various groupings 
of weeds and also grasses. These schools also include 
a little technical information such as the parts of 
a plant, the types of floral heads, whether they-are 
annual, biennial or perennial in growth habit, and 
their reaction to various control practices. These 
schools have proven to be so interesting to the l-H 
members that they are becoming too large to handle 
by one or two people. 


The intevest along this line has also spread over 
the entire state and a program is also being set up in 
the eastern half of the state out of the range area. 
Many more acres ofweeds are found in this part of the 
state because more of it is placed under cultivation 
and a cropping rotation. 


The main purposes and results of this fine pro- 
gram is that not only are the young people of the 
state learning to recognize plants which are noxious 
as well as beneficial but adults are learning along 
with them. Results are being obtained now because 
people are talking more freely about certain types of 
weeds found growing on their farms, in waste places, 
and on marginal land. 


Rural schools are also taking an active interest 
in weed control. In some counties about six weeks 
time is devoted to a study of weed control. This unit 
is taught in September when the weeds are at their 
best. The main objectives of this program are: to 
develop an appreciation of the losses caused by weeds, 
develop a permanent interest in weed control through 
community effort and cooperation, stimulate the idea 
of complete eradication of noxious weeds, classify 
weeds as to growth habits, establish a knowledge of 
the principles of weed control, develop an ability to 
identify noxious weeds and other plants, select and 
apply the proper control measures accuretely, stimlate 
a knowledge of the means of weed seed dissemination 
and develop an appreciation of the importance of pre- 
venting spread of weeds. By following these objectives 


the pupils are able to talk about home situations 
and experiences. They also include field trips as 
part of their study and learn to identify many of 

the most commonly found weeds in the area. Displays 
and farm maps are drawn to illustrate the problems 
and recommended methods.of handling them. They can 
also make surveys of weed infestations throughout the 
community. Such information learned this early in 
life will help them become better weed fighters as 
they grow older. 


It is interesting to watch these young boys and 

girls participate in identification contests of weed 
lants and seeds. Many times the winner has been a 

-H boy who has been collecting and s tudying weeds. 

The adults are unable to keep up with these youngsters. 
They are truly learning by doing as their motto states. 
Quite often you will find a large infestation of some 
noxious weed growing on a farm. The farmer may state 
that he has been wondering what that weed was for a 
long time. It has been spreading more and more every 
year and it has been hard to control. Don't you think 
this would have been avoided if he had been able to 
recognize this weed and its seriousness when it was 
first noticed as a few scattered plants? By teaching 
our young boys and girls a knowledge of weeds, they 
will be on the lookout for the serious ones the rest 
of their lives. These are two very fine programs in 
South Dakota that should inspire everybody to do a 
better job of weed control. 


WEED EXTENSION ACTIVITIES IN ILLINOIS 


W. 0. Scott 


In Illinois, weed control is only one phase of the 
crops extension program. We have no full time extension 
man on weed control. Professor Hackleman and I feel 
that it is an important part of our extension program 
and give it as much of our time as possible. You can 
imagine the importance of weed control in a state that 
has Canada thistle, bindweed, leafy surge and a few 
other noxious weeds. Weare making progress. Since 
we have no full-time extension man on weeds, we often 
have to seek the help of the research staff. Fred 
Slife and the late Dr. R. F. Fuelleman have been most 
generous in helping us out with meetings and the pre- 
paration of educational material. 


We have changed our weed control extension program 
to keep up with technical changes. Selling people the 
idea of controlling weeds has not always been as easy 
as it is today. When I stop to consider the hard work 
and expense that used to be involved in the control of 
Canada thistle, I marvel at the progress that has been 
made. Illinois farmers invested thousands of dollars 
in Atlacide and field cultivators before the advent of 
2,lu-D. You know they really had to be sold on the 
benefits derived before they would invest the time and 
money that was necessary in those days. The cheapness 
and the ease of application of the new herbicides have 
made the weed control program in our state a lot easier 
to sell, and more farmers are going into the program. 


Our weed control program is more complete now, We 
no longer talk primarily of Canada thistle and other 
noxious weeds. Now all of the common weeds such as 
ragweed, pigweed, etc., are included. It is an entire 
farm plan now. It is just as important to kill weeds 
in fence rows as in crop land and our educational work 
starts with the first weeds in the spring and continues 
throughout the summer. 


Illinois farmers are doing a fine job. They are 
not using the new herbicides in crops only. They are 
using them in the places where weed seed is produced 
in aburidance. They are spraying fence rows and other 
uncultivated areas. Some are waiting a little too 
long before spraying these areas but they are getting 
the “hang of it". There is more and more early spray- 
ing each year. 


Our Illinois program includes more than new chemi- 
cals. There is still need for sodium chlorate or Atla- 
cide, and most important of all, are the proper cultural 
practices. Our weed control methods also include the 
uses of bromegrass, the southem type bromegrass. Why? 
Because under Illinois conditions, the agressive southern 
type brome is a perfect competitor of weeds. On farms 
where brome has been planted in fence rows, you will 
find very few weeds in those fence rows. We suggest 
that farmers clean up uncultivated areas with 2,l)-D.and/ 
or 2,l4-5-T, then follow with a seeding of brome. We 
think it will pay big dividends in weed control. 


How do we actually do our extension work in weed 
control? Our methods are probably very similar to 
those used in every state. We start the year with a 
series of winter meetings primarily for farmers, Many 
of these are held jointly with the Extension Entomolo- 
gist. We find that the two subjects work well together. 
Farmers usually want information on both subjects 


because he bought his spray out fit to be used on both 
weeds and insects. 


Another winter activity is the Anmal Custom Spray 
Operators school held in Jarmary of each year. Several 
departments in the Colle ge of Agriculture cooperate in 
this school. The school provides us with an opportunity 
to contact many of the custom operators of our state. 
We review our recommendations and bring them up to date 
on the use of all farm chemicals. 


In the spring and summer, most of our activity 
centers around demonstration meetings and the prepara- 
tion of news stories, radio releases and other educa- 
tional material. The latter is actually a year-round 
job but we intensify our efforts on new stories as the 
weeds start growing and the spraying season approaches. 
Most of these are of the how and when kind, how and 
when to make applications of herbicides on particular 
weeds or crops. 


Demonstrations are an important method of teaching. 
We don't actually establish many ourselves because cus- 
tom spray operators do a good job of this for us. 


The most important cog in our Illinois extension 
program is our farm advisor. He is on the firing line. 
He is the one that is called from one to one-hundred 
times a day for information on weed control. We, there- 
fore, try to keep these fellows supplied with the most 
up-to-date information in just as usable fashion as 
possible. This is done through district meetings where 
a small group of farm advisors meet to discuss subject 
matter. Also, we have for the past two years sent a 
special letter to farm advisors which we call "Timely 
Crop Notes". In this, we discuss many subjects but 
it always contains something on weed and brush control. 
We send it out 10 or 11 times per year, 


That hits the high points of what we have done 
and what we are doing. Now I would like to look into 
the future and tell you what we are thinking about. 
First, we hope to put a traveling weed exhibit on the 
road early in the year. The Illinois Seed Dealers 


Association gave Agronomy Extension a house trai ler 
this year. One of the exhibits we want to put in 
the mobile unit in 1952 is one on weeds and their 
control. I would certainly welcome all suggestions 
from those of you who have had experience with mobile 
units. : 


In 1952, we will cooperate closer with the Plant 
Industry Division of our State Department of Agriculture. 
This Division is the regulatory agency in our state. 

We expect to hold several meetings in cooperation with 
Mr. H. H. Chamberlin and his men where extension will 
discuss control methods and the Plant Industry Division 
will discuss the law. The purpose of these meetings 
will be to encourage the appointment of more County 
Weed Supervisors. In Illinois, we have the law but 
not enough County Weed Supervisors. Now we don't 
expect these supervisors, if we can get them appointed, 
to go around enforcing the law with a big stick. We 
expect them to help tremendously with the educational 
program necessary to make a weed control program work 
effectively. 


CHEMICAL WEED CONTROL IN ASPARAGUS 
E. K. Alban 


The number of years of profitable production from 
perennial crop plantings is generally influenced to 
a considerable extent by the control or lack of con- 
trol of weeds. In the commercial production of aspar- 
agus, the grower frequently finds that weed control 
poses one of his most difficult and costly problems. 
During the last twenty years there has been an 
increasing interest in the possiblity of chemical con- 
trol of weeds in asparagus since mechanical equipment 
offers only a partial control and hoeing or hand- 
pulling of weeds is too expensive. 


The habit of growth, general harvest practices, 
and the fairly high tolerance of the asparagus plant 
to certain herbicides all tend to aid the grower in 
controlling weeds through the proper use of various 
chemicals. Within the past eight or nine years there 
have been increasing numbers of chemicals introduced 
which have given excellent control of the many weed 
species which frequently are associated with asparagus 
plantings. Many investigators have reported very 
favorable results where these chemicals have been used. 
There have likewise been some conflicting reports in 
regard to possible use of certain herbicides with 
asparagus. 


In this brief paper I will not attempt to review the 
literature on this subject but will rather present a 
limited summary of methods, chemicals, and certain 
conclusions reached in our studies during the past 
several years. It is hoped that a more thorough presen- 
tation of results and a review of the literature will 
be possible in a publication in the near future. 


Chemicals Included in Study: 


Group 1. applied in ten to fifty gallons of 
water per acre. Sodium and potassium salts, alkanola- 
mine salts, ethyl, isopropyl, butyl, alkyl, and low 
volatile esters of 2,l-D; low volatile ester of 2,l,5-T. 


« applied in twenty to fifty gallons of 
water or oil in water emlsions; ethyl xanthogen 


disulfide, PCP in variousoil emilsions, DNOSBP, ADNOSEP, 
and TADNOSBP. 
Group 3 apolied in fifty to one hundred gallons 
of water; N, sodium PCP, sodium and calcium TCA, 
IPC, and Chloro IPC. 


Gr .« Aromatic oils applied undiluted at forty 
to one red gallons per acre. 


group 5. Calcium cycanamide, granular, applied as 
broadcast application at two hundred to eight hundred 
pounds dry material per acre. Calcium cyanamide, 
pulverized, applied with rotary type duster at fifty 
to one hundred and fifty pounds dry material per acre. 


All sprays were applied with compressed air sprayers, 
some knapsack types with single, double, or triple noz- 
zle hand-booms, and others mounted on special built 
hand-propelled sprayers for complete ground coverage 
or for directed sprays at base of plant. 


Time of Application of Herbicides: 


1. Plant production (seedlings): pre-emergence, 
delayed pre-emergence, emergence, and post- 
emergence applications. 


2. Established asparagus plantings: 

a. Pre-harvest pre-emergence; one to three 
weeks; after discing under tops of pre- 
vious season's growt: but before aspar- 
agus spears emerged in the spring. 

b. Harvest or cutting season pre-emergence: 
six to ten weeks; ing the cutting sea- 
son but following a very close cutting so 
as to minimize the number of marketable 
spears exposed to herbicide application. 

ce Post-harvest pre-emergence: four to six 
days; after discing er weeds at close 
of harvest season but before asparagus 
spears emerge. 

d. Post-harvest post-emergence: four to six 
weeks; after the asparagus plants reached 
a height of twenty-four to thirty inches 
or higher, herbicide sprays were directed 
at base of plant and on soil and weeds. 
Herbicide sprays must be kept off of tender 
upper foliage of asparagus plant. 


Major Weeds: Quackgrass, crabgrass, 
erisma Sanguinale; foxtail, Chaetochloa viridis; 
galinsoga, ga parviflora; purslane, Portulaca 
Oleracea; pigweed, Amaranthus retroflexus; smart- 
weed, Polygonum persicaria, Canada thistle, Cirsium 
arvense; es quarters, Chenopodium alba; dandelion, 
Taraxacum officinale; foxtail, Setaria sop.; and 
dock, “Rumex Spp- 


Plantings establisheu curing the 

to 36 periods were used for studies from 192 
to 1950. In addition, certain new plantings were 
established in the 1948, 1949, and 1950 seasons. 
Mary Washington was the major variety, although 
there were a few plants of Martha Washington in 
some of the plets. 


Soil types included Brookston silt loam and 

silt Loam. Irrigation was available as needed 
and it is well to note that supplemental water was 
invaluable in obtaining an even flush of weeds 
before @plication of contact herbicides. 


For pre-emergence applications of herbicides on 
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asparagus seedlings, separate plantings were made 
in the 1947, 1948, 1949, and 1950 seasons. 


After preliminary studies had been completed on 
most of the chemicals previously mentioned it was 
decided to establish a new planting and follow a 
five to ten year program using some of the more prom- 
ising herbicides. From this planting it was hoped 
that increased information could be obtained concern- 
ing the residual effects and effects of contimous 
use of the same herbicides on yield, quality, and 
weed control in asparagus. Results of some of the 
preliminary studies have been included in the Research 
Report of the North Central Weed Conference during 
the past several years. In addition, certain of the 
results are included under the heading "Conclusions 
and General Observations" in this paper. 


In Table 1, the treatments included inthis long 
time experiment are listed as well as the weed control 
evaluation during the first three seasons. This 
planting of Mary Washington asparagus was made during 
the spring of 1949 on a Miami silt loam. During the 
first season all plots were cultivated and hoed as 
necessary to keep the planting free from weeds and to 
cover the crowns. During the second year, standard 
cultivation and hoeing practices were limited to the 
check plots, and all treated plots were sprayed with 
a post-harvest post-emergence application and culti- 
vation was maintained as late in the growing season 
as possible. During the third year, all treated plots 
received Harvest pre-emergence treatments, as well as 
post-harvest post-emergence treatments. The check 
plot received standard cultivation and hoeing prac- 
tices. In the second and the third year, ali pilots 
were cultivated as long as possible and all herbicide 
treat ments were confined to an eighteen inch strip of 
the row. In Table 1, the average number of stems per 
plant during the 1950 season, the weed control during 
the 1950 and 1951 seasons, the yield per acre from all 
plots in the cutting season of 1951, and the average 
number of plants per plot listed. All plots were 
replicated five times in a randomized split block. 


GENERAL OBSERVATIONS AND CONCLUSIONS 


The standard practice of disking under the tops 
of asparagus in the spring and the disking at the close 
of the cutting season should be contimed even though 
herbicides are used in the production of asparagus. 
Cultivation between the rows should also be continued 
for as long a period as possible during the growing 
season. 


The application of herbicides should in most cases 
be limited to in-the-row applications of approximately 
twelve to twenty-four inches, depending upon the age 


There would appear to be a decided advantage in 
using several different kinds of herbicides in the weed 
control program with asparagus, rather than using a 
single chemical throughout the season or for several 
seasons. 


Most anmual and perennial broadleaf weeds and most 
annual grasses can be controlled with available herbi- 
cides. Where perennial grasses become a problem it 
woulc appear advisable to use a soil sterilant to 
eradicate such patches even though the asparagus would 
be killed or severly damaged. 


While many of the herbicides studied can be effec- 
tively used in controlling weeds in asparagus during 


Table 1. Effect of certain herbicides used for two seasons, on average number of 
stems per plant, per acre yield, and weed control with a three-year 
asparagus planting established in Spring of 199. 


Ave. No. Weed Control Stems per Yield in lbs. 
Treatment Gallons plants 0 to 5 plant average per acre 
per/acre rate per/acre per/plot 1950 - 1951 1950 1951 
1. 6.0# DNOSBP 50 25.5 4.0 4.0 4.7 950 
2. Stoddard Solvent 0 23.8 3.5 3.0 3.6 632 
3. 12.0% PCP 80 21.2 4.5 4.5 3.6 72h 

& .O# STCA 
ke 1.0# W ester 80 23.0 4.0 4.5 43 72h 
2,4-D & .O# STCA 
5. 12.0% PCP 50 23.0 3.5 4.0 4.3 764 
6. 20.0# SPCP 60 24.0 4.5 4.5 4.8 916 
Hoed Check 236 —_ 4.2 698 
8. 1.0# LV ester 25 23.0 4.0 4.0 4S 7h1 
2,4-D 
9. 1.0# 2,4-D amine 2h 23.2 4.0 4.0 4.5 789 
10. 20.04 KOCN 80 23.2 . 0 4.0 5.3 789 


the season, the following schedule seemed best under 
the conditions of our studies: 
Pre- harvest pre-emergence: 2,l)-D or calcium 
cyanamide 


Harvest pre-emergence KOCN, SPCP, ethyl xanthogen 
disulfide, or aromatic oil. 


Post-harvest pre-emergence; 2,l-D, KOCN, SPCP, 
DNOSBP, PCP, calcium cyauamide or aromatic oil. 


Post-harvest post-emergence; KOCN, SPCP, DNOS#P, 
PCP, or 2,l-D. 


Applications of 2,l-D spaced closer than six weeks 
were apt to result in stunting of asparagus. This was 
particulariy true with the more readily leachable mater- 
ials such as the sodium or alkanolamine salts. 


post-harvest post-emergence sprays containing fair- 
ly large quantities of aromatic oil or other oils usually 
caused the most damage to base of asparagus stem. It 
would seem advisable to use herbicide sprays containing 
minimum amounts of oil particularly during the early 
post-harvest post-emergence period. 


Applications of more than 4.0 pounds sodium TCA per 
season usually resulted in die-back of two to six inches 


of all tip growth of asparagus in late Spetember early 
October period. 


In the production of one-year asparagus crowns for 
transplanting delayed pre-emergence treatments, four- 
teen to eighteen days after sowing seed, with 1.04 
2,4-D or 4.0 to 6.0% DNOSBP, or 80 to 100 gallons of 
Stoddard Solvent, have all given excellent weed control 
with no crop damage. 


CHEMICAL WEED CONTROL IN RED BEETS 


T. W. Tibbits 


The usefulness of chemical weed control in table 
beets has been established in experimental and commer- 
cial trials in several states of this region. Progress 
has been heartening but it seems that greater success 
can be attained as the field is more thoroughly studied. 
The experiments at Wisconsin show that TCA has given 
the most consistent results of the compounds tested. 

It will successfully control annual grasses, Partial 
broadleaved weed control was indicated in experiments 
last year and thus a part of our work this year was 
directed toward determining the amount of broadleaf 
weed control that could be expected. 


Experiments with TCA were designed to select 
the suitable rates for beets planted on either silt 
loam or organic soil. TCA will successfully control 
nearly all anmal grasses at 8 pounds per acre. Many 
organic soils in Wisconsin are seriously infested with 
species of smartweeds. An effective, but not complete, 
control of these weeds is obtained with 12-16 pounds. 
Some broadleaved weeds, such as redroot pigweed are 
much more resistant and effective control is obtained 
by adding 2 to k pounds of PCP to 12 pounds of TCA. 


TCA may cause a decrease in yields of beets, 
however, some of our experiments, and the experiments 
of others, do not show ny reductions at reasonable 
rates. Grasses can be controlled with TCA on upland 
and organic soil with slight reductions in yields, 
whith are less than those caused by hand weeding. 


The experiments on organic soil this year with 
TCA and PCP in sufficient quantities to control broad- 
leaved weeds have indicated that the yield may be 


reduced about 10% over a carefully weeded control. 
Applications to control these same weeds on silt loam 
soil may result in reductions up to 25% in the yield. 


The timing of pre-emergence application of TCA my 


‘be a determining factor in obtaining effective control 


of the more resistant weeds. Redroot pigweed was the 
predominant weed in an experiment planted on silt loam 
soil on July 15. Better control was obtained with 
applications at three days after planting and with 
application at emergence of the beets than witn spray- 
ing at the time of planting. The plots were protected 
with plastic sheets in order to have complete control 
of the moisture added to the plots. 


Post-emerzence treatments have been less effec- 
tive than pre-emergence treatments. The grasses, 
though killed, die slowly. Broadleaved species are 
not effectively controlled. Applications within a 
week after the beets emerge, burn and stunt the beets. 
Applications at four weeks are delayed so long that 
weed competition will have seriously injured the beets. 
The application of 10 to 12 pounds of TCA 2 weeks 
after emergence is suggested as the most desirable 
treatment in obtaining control of grasses with a 
minimum amount of injury to the beets. This method 
should only be used when circumstances have prevented 
pre~emergence treatments. 


The effect of rainfall has been studied by appli- 
cations of water in the following ways: 1.) Pre- 
emergence treatment of all plots at the time of 
planting with irrigation water applied to some of the 
plots at 3 days after planting, others at 1 day before 
emergence, some at emergence and to the remainder 2 
days after emergence; 2.) Pre-emergence treatments of 
TCA at the following times; at planting, 3 days after 
planting, and at emergence. Irrigation water was 
applied immediately following each spraying. All 
water applications were carefully controlled at one- 
half acre inches. The data indicates that rainfall 
does not markedly affect the toxicity of TCA to beet 
germination and development, 


Conflicting reports have appeared concerning the 
residual effect of TCA on land the year following a 
treatment. Treatments last year in plots located on 
organic and silt loam soils with rates of TCA of 5, 

15 and 30 pounds were tested for toxicity this year 
with snap-beans. Yields of beans, taken in two pick- 
ings, did not show any delay in maturity nor reduction 
in yields at any of the rates. These experiments will 
be continued because the more than average rainfall 
of the past two seasons is not typical and may have 
caused a more rapid disappearance of the TCA. 


We are quite sure that the chemical treatments 
do not physically deform change the ringing or color, 
nor alter the physical canning quality of the beets. 
The latter ~efers only to retention of color and tex- 
ture of the beets that were canned. 


Perhaps the most interesting findings of the entire 
summer are the indications that we need not worry about 
TCA remaining in vegetable soils from the previous 
year and the tolerance of beets to Endothal at rates 
which have given very outstanding control of both 
broadleaves and grasses. With concentrations of 6 
pounds per acre, the control of grasses was nearly 
complete on both silt loam and organic soil. The con- 
trol of broadleaved weeds was 88% on the organic soil 
and 97% on silt loam soil. 


L. L. Coulter 


The tolerance of lima and snap beans to early 
emergence sprays of DNOSBP has been observed by Swezey 
(1) and this early tolerance has been exploited to the 
point of practical commercial use as "come-up" sprays 
on snap beans by research workers in New York. This 
paper presents some further data indicating the pos- 
sibilities of early emergence sprays for weed control 
in lima beans. 


In 1950 Fordhook lima beans were sprayed in the 
early primary leaf stage with the ammonium and alkano- 
lamine salts of DNOSBP at therate of 4, 3/h, 1 and 3 
pounds per acre in 70 gallons of water. With the 
exception of the ammonium salt which produced some burn- 
ing at the highest dosage, no injury resulted from 
these treatments. This test substantiated early obser- 
vations and led to further test work in 1951. 


During July, 1951, a test was set up to further 
explore the tolerance of Fordhook 22 limas to post- 
emergence sprays of the alkanolamine salt of DNOSBP, 

The plots were laid out on a loam soil and planted by 
hand to insure uniform emergence. The experiment was 
designed for single row plots replicated twice. In 
order to provide a test weed, millet was broadcast 
througnhqut the area and worked in. Treatments included: 
1) Pre-emergence (at time of planting); 2) "come-up" 
(applied one day after the first hypocotyls emerged); 

3) Three days after first emergence (primary leaves 
expanding); and 4) Five days after first emergence 
(primary leaves well developed). Dosage rates were 

2, 4 and 6 pounds of DNOSBP in 50 gallons of water per 
acres. Observations were made in September, 1951. 

The weed control and crop toxicity ratings are presented 
in Table 1. 


It is apparent from this test that on Fordhook 22 
as much as six pounds of DNOSBP can be applied at the 
"come-up" stage without injury. Three days after first 
emergence when primary leaves are still developing, four 
pounds per acre appears to be a maximum dosage. Two 
pounds per acre appears to be a maximum dosage when the 
primary leaves are fully expanded, Two pounds was 
adequate for weed control in any of the post-emergence 
treatments. Pre-emergence treatments failed to kill 
satisfactorily grasses at less than nine pounds per 
acre. 


During the same season a randomized block layout 
with four replications was set up to determine the 
value of residual and "come-up" sprays of the alkanol 
amine salt of DNOSAP for weed control in Fordhook 21,2 
beans. The crop was planted in a loam soil on June 21. 
One and one-fourth inches of rain fell immediately 
after planting. On June 25 (two days before the first 
beans emerges) five plots were sprayed with DNOSBP at 
the rate of four pounds per acre and an additional five 
plots were sprayed at the rate of six pounds per acre. 
On June 29 when the plots were in the "come-up" stage 
(hypocotyls emerging) five more plots were sprayed with 
DNOSBP at three pounds per acre and five plots at six 
pounds per acre. Data were taken on yield, stand, 
weight of weeds and weight of plants. These results 
are presented in Table 2. 


Table 1. Weed control and crop toxicity ratings of DNOSBP applied 


to lima beans in several growth stages. 


‘ POUNDS OF DNOSBP PER ACRE 
4 


9 
CROP WEED CROP CROP WEED CROP 
Growth Stage CONT .#* TOX.#+ CONT. TOX. CONT. TOX. CONT. TOX. 
Pre-emergence ~ - - ~ 4 0 11 0 
"Come-up" 0 14 15 1 - - 
Emergence Plus 
3 Days 15 3 15 6 és 
Emergence Plus 
5 Days 13 ) 15 5 15 9 - - 


* 6 = Good Control, 9 = Very Good, 15 = Complete Control 
#*3 = Slight Injury, 6=Moderate Injury, 9= Severe Injury 
Each ratings represents total for three plots 


Table 2. Total yield, stand, weight of weeds and crop plants 


from plots sprayed with various treatments of DNOSBP. 


POST- PRE= 
EMERGENCE EMERGENCE CHECK 
3 6 4 6 
Yield Marketable Pods pe 15.2 13.9 16.7 10.6 — 
Stand 69.6 Thed 85.9 87.2 78.5 
Weight of Weeds 19.7 29. 5 37.1 
Weight of Bean Plants 16.9 22 SHH 21.2 23.) 16.5 


* Weights expressed in pounds. 


No significent differences in yields of marketable 
pods were obtainec. However, probably as a result of 
weed control, plots treated with six pounds at either 
the "come-up" or pre-emergence stage were more vigorous 
and produced significantly (at the five percent level) 
more total growth. In a longer growing season these 
more vigorous plants possibly would have produced signi- 
ficantly greater yields than those of the control plots. 


metabolic rates, to DNOSBP. (2) 


3. DNOSBP appears to be more efficient in the control 
of grassy weeds when applied at the time these weeds 

are germinating than when applied to the soil (residual 
pre-emergence) prior to the time germination has begun. 


lu. The practical implications of these results are 
(a) better control of grass weeds in lima beans with 
lower dosages, (b) possible extension of the normal 
spraying period in instances when weather is not suit- 
able for earlier treatment. 


(1) 
(2) 


Control of weeds (primarily foxtail) was signifi- 
cantly better than the control plots in all treatments 
except the four pounds per-emergence treatment. Six 
pounds, at either time gave excellent control of weeds 
throughout the summer. It is interesting to note that 
the post-emergence treatments at three pounds per acre 
gave significantly better control than the pre-emergence 
treatment at four pounds. 


Swezey, A. W. Unpublished data February, 1950. 
Barrons, K. C. Some physiological aspects of 
the herbicidal action or DNOSBP* Down to earth 
733, 1951. 


DISCUSSION 


1. Evidence is presented to indicate Fordhook 2l2, can 
be sprayed with sufficient amounts of DNOSBP for weed 
control even after the plants have reached the primary 
leaf stage. 


PRE-EMEPGENCE WEED CONTROL IN CUCURBITS 


D. B. Meador and D. D. Hemphill 
2. The resistance of this crop to DNOSBP is at a maxi- 


mum during the "come-up" stage and decreases rapidly as 
primary leaves develop. This may be related in part to 
the cut in development on the young tissues and in part 
to the normal tolerance of young tissues, with high 


In view of the reported successful use of DNOSBP 
and other herbicides for pre-emergence weed control 
in several large seeded crops, field trials to deter- 
mine their adaptability for use for certain cucurbits 
were carried out. Sulfasan (ethyl xanthogen disulfide) 


10 lbs./acre, Premerge (alkanolamine salts of dinitro- 
o-sec butylphenol) lbs./acre, and N-l-naphthyl 
phthalamic acid (NPA)  lbs./acre each were applied to 
four replicated, randomized plots of cantaloupes, water 
melons and cucumbers. Treatments were applied to the 
watermelon and cantaloupe plots 3 days after planting, 
whereas the cucumber plots were treated 8 days after 
planting. 


Effects of these treatments on weed control are 
shown in Table 1. During the first month of treatment 
Premerge gave excellent control of broad-leaved weeds, 
the control being better than 90% in each case. Grass 
control was not as effective tnougi: Premerge was the most 
effective of the three chemicals used. Weed control 
by NPA approached that of Premerge in some plots, but 
was never as effective. Sulfasan, in most plots gave 
very poor weed control. 


Weed counts thirty days after treatment did not 
give an entirely adequate measure of weed control. 
Twenty days after treatment most of the Premerge and 
NPA plots were practically free of weeds, whereas the 
check plots and to a lesser extent the Sulfasan plots 
were quite weedy, especially with grass. Ten days 
later when weed counts were made the crab-grass in the 
check plots had spread out and partially covered the 
ground, which had a tendency to prevent further germina- 
tion and growth of young weeds. The Premerge and NPA 
plots, on the other hand, had a considerable number of 
small weeds which had just pushed through the soil. 


Because of heavy rainfall during the early part 
of the growing season, it was two months after treat- 
ment before the plots could be cultivated and hoed. 
By that time the check plots were almost completely 
covered with grass and broadleaved weeds, and the 
Sulfasan plots were almost as bad. In the Premerge 
and NPA plots, in contrast, though they had consider- 
able numbers of smaller weeds, the crop plants had 
suffered no apparent damage from competition from the 
weeds. 


Premerge caused a noticeable and measurable reduc- 
tion in early plant growth in the cucumber and water- 
melon plots, the reduction in growth being more severe 
in the cucumber plots (Table II). Early growth reduc- 
tion in cantaloupes, in contrast, was not shown by 
plant measurements. The cold rainy weather after 
planting caused germination to be slow, and in many hills 
of cucumbers and watermelons, only one plant per hill 
came up. In the cantaloupes very few hills had only 
one plant. Thus the number of plants coming up per hill 
appeared to have some relationship to the toxicity of 
Premerge. The slow germination and slow early growth, 
caused by the cold rainy weather, also may have increased 
toxicity due to the longer period of time the growing 
point was in contact with the treated soil layer. 


Though Premerge gave the most effective weed con- 
trol, the NPA plots had the highest average yields in 
each of the three crops tested (Table III). The reduc- 
tion in early plant growth by Premerge apparently 
reduced the yield of those plots. The Sulfasan and 
check plots yielded considerably less than the NPA and 
Premerge plots. This probably was the result of the 
severe competition from weeds in these plots during 
the second month of the growing season. 


Additional plots of watermelons and squash were 
trezted about six weeks after planting with NPA | lbs./ 
acre and Experimental Herbicide #1 (Sodium 2 ,l-dichloro- 


phenylethylenedioxysulfate) 4 lbs./acre to determine 
their toxicity as foliage sprays. Both chemicals 
caused formative effects on the young leaves. The NPA 
treated plants showed signs of recovery after one week, 
after three weeks they had apparently fully recovered, 
and very little reduction in growth was ovserved. ihe 
EH#1 sprayed plants failed to recover sufficiently and 
many of them diec. Yield data was not reliable because 
of the small mumber of plots used in this experiment. 


CONCLUSION 


The growing season in Columbia this year was very 
poor due to the late spring, the cool weather and heavy 
rainfall. Soil drainage was a problem and caused con- 
siderable variation in plot yields. As a result, the 
field work was not as satisfactory as desired. However, 
Premerge and NPA did indicate some promise for pre- 
emergence weed control in cucurbits. It is hoped that 
a normal growing season next year will permit a more 
accurate evaluation of pre-emergence weed control in 
these crops. 


TABLE I. EFFECTIVENESS OF PREMERGE, N-1-NAPHTHYL 
PHTHALAMIC ACID (NPA), AND SULFASAN AS 
PRE-EMERGENCE TREATMENTS IN CUCURBITS. 


“PERCENT WEED CONTROL 
CUCUMBERS WATERMELON CAN TALOUPES 
Treat- Broad— Broad- Broad- 


ment leaved Grasses leaved Grasses leaved Grasses 


Premerge D304 38.5 96.1 64.5 98.4 60.8 
lb./a 

NPA 

lb./a 64.8 28.2 79.5 62.7 80.1 47.3 


Sulfasan 
10 lb./a 62.6 16.4 41.7 37.3 41.5 8.2 


TABLE II. GROWTH OF CICURBITS APPROXIMATELY FIVE 
WEEKS AFTER PLANTING AS AFFECTED BY 
PRE-EMERGENCE WEED CONTROL TREATVENTS. 


AVERACE PLANT HelonT IN CENTIWETERS 
Treatment Cucumbers Watermelon Canta Loupe 
Check 14.1 4.9 4.5 
Sulfasan 12.1 6.2 el 
N-1-Naphthyl 
Phthalamic acid 13.5 5.0 he? 
Premerge 9.6 hel 4.5 


TCA FOR WEED CONTROL IN HORTICULTURAL CROPS 
LeRoy Holm 


Chemical weed control in horticultural crops has 
b2en for a considerable time mainly concerned with the 


-39- 


at 


control of broad-leaved weeds through the use of such 
materials as 2,l-D, PCP and the dinitro compounds. 
Relatively little progress has been made toward helping 
the farmer with a serious grass infestation. And yet 
it is true that we have many crops, such as asparagus 
and gladiolus, with which we characteristically asso- 
ciate a grass problem. We would be shortsighted if 

we did not recognize that in some seasons in which 
environmental conditions have been particularly favor- 
able for the germination of grass seeds, we may have 

a grass problem in many crops. 1951 was an excellent 
foxtail year in Wisconsin. We are aware also that cer- 
tain soils and localities may be consistently troubled 
with grasses in several crops. 


Because TCA has shown such promise for the control 
of annual grasses we have made it a point to study the 
response of several crops during the past two years. 
Since the chemical is used with tillage the concentra- 
tions may be kept low enough to make the practice 
economically feasible, and the problem of carry-over 
in the soil becomes of no concern. 


Some of the data which are summarized below come out 
of several experiments on a single crop over a period 
of two years and some of them represent only non- 
replicated observations in 1951. The material is 
presented only to suggest the variety of uses which 
the chemical may have after further study and no rec- 
ommendations are intended. 


Spinach on an upland soil has shown considerable 
tolerance to the chemical during the past two seasons. 
Results similar to those set forth below have also 
been obtained on organic soils but the weed control 
has not been as outstanding because of the predominance 
of broad-leaved weeds, 


(Pre-emergence on Spinach) 


Mineral Soil 
Chemical “No. of Yield 
(Lbs. per acre) Grasses (in pounds) 
TCA ~ 10 6 37 
TCA = 15 2 
TCA - 8 & PCP - 2 19 35 
TCA -12 & PCP = 2 7 37 
Control (Unweeded) 124 
Control (Weeded) 36 


The value of using TCA on potatoes where grasses 
are a problem on either upland or organic soils may 
soon be recognized. The response of this crop to 
rather high concentrations is indicated below. 


(Pre-emergence) on Potatoes 
(Organic Soil) 


Chemical NO. OL Broadleaved ‘Yield 
(Los. per acre) and Grass weeds (in pounds) 
TCA - 15 29 40 

TCA = 20 33 LS 


Control (Unweeded) 100 
Control (Weeded) 38 


Three other vegetable crops have shown sufficient 
tolerance to both TCA and mixtures of TCA and PCP to 
warrant further study for both broad-leaved and grass 
weed control. The data presented below have been 
gathered from replicated experiments. 


THE EFFECT OF TCA 
(Pre-emergence) on Rutabagas and Turnips 
(Mineral Soil) 


Chemical “Yield in Lbs. 
(Lbs. per acre) Turnips __Rutabagas 
TCA - 10 58 kl 
TCA - 15 70 
TCA - 8 & PCP -2 73 43 
TCA -10 & PCP - 79 37 
Control 68 33 
THE EFFECT OF TCA 
(Pre-emergence) on Carrots 
(Organic Soil) 
Chemical Wo. of Broadleaved Yield 
(Ibs. per acre) and Grass Weeds (in lbs.) 
TCA - 8 52 7h 
TCA -12 50 82 
TCA - 8 & PCP - 2 23 92 
TCA -10 & PCP = 16 90 
Control (Unweeded ) 111 
Control (Weeded) 92 


For two years excellent grass control has been 
obtained in gladiolus and the crop has shown a remark- 
able tolerance to the chemical at high rates. At con- 
centrations suitable for control of grasses we have 
found no delay in flower production and no reduction 
in stalks produced or number of florets per stalk. 
Corm weights and sizes and cormel production have not 
been reduced. 


Tue EFFECT OF TCA 
(Pre-emergence) on Gladiolus 
Chemical 
Lbs. per acre) No. of Grasses Yield (in lbs. 

TCA - 15 6 25.6 

TCA = 20 1 22.8 

TCA - 8 & PCP - 3 28.5 

TCA -12 & PCP - 6 1 27.0 
Control (Unweeded ) 29 


Some of the other crops which have been studied 
less extensively are cabbage, tomatoes, rhubarb, celery, | 
and aspararus. At 15 lbs. per acre no reduction in 
yield or stand and no deformity could be observed 


in asparagus. Rhubarb is tolerant of the chemical if 
it is sprayed around the base of the plants. Pre- 
planting treatments of soil into which tomatoes will 
be transplanted has some promise. Cabbage and celery 
are able to withstand rather high concentrations of 
TCA and of TCA with PCP when used as a pre-planting 
treatment. There is some indication that cabbage 
may tolerate the chemical when it is sprayed on the 
transplants or on direct-seeded plants which have 
emerged. 


WEED CONTROL IN CERTAIN VEGETABLE CROPS 
~~ WITH N-1-NAPHTAYL PHTRALAMIC ACID 


G. F. Warren 


N-l naphthyl phthalamic acid was first described 
by Hoffmann and Smith (1). The ccmpound became of 
interest to the author when pre-emergence treatments 
in the greenhouse showed it to have selective herbi- 
cidal properties. 


A preparation of N-l naphthyl phthalamic acid 
containing a small amount of wetting agent was used 
to obtain a suspension in water. The chemical was 
tried in the greenhouse as both a pre-emergence and 
post-emergence spray on a large number of vegetable 
crops and common annual weeds. Replicated experiments 
were conducted in the field to obtain further informa- 
tion on weed control in the crops that showed most 
resistance in the greenhouse. 


Results, in both the greenhouse and the field, 
showed that this material was, in general, more effec- 
tive in controlling germinating weed seedlings in the 
soil than in controlling established weeds. Therefore 
most emphasis was placed on treatments applied before 
the weeds emerged. Good control of susceptible 
species was obtained in sandy and silt loam soils but 
results on much soil were rather poor. Species that 
were especially susceptible include purslane, (Port- 
ulaca oleracea) and several annual grasses, particu- 


crabgrass, (Digitaria sanguinalis). 


Muskmelons, cucumbers and watermelons showed 
marked tolerance to both pre-emergence and post- 
emergence applications of N-1 naphthyl phthalamic acid 
in the greenhouse. In field experiments excellent con- 
trol of germinating crabgrass was obtained witnout 
affecting the yield or maturity of transplanted musk- 
melons (3,l). This chemical has also given encourag- 
ing results for the control of crabgrass in transplanted 
sweet potatoes (3,5). Asparagus, lima and kidney beans 
have shown little or no injury from pre-emergence appli- 
cations of this herbicide. Tomatoes and beets have 
been severely injured. 


During the past season N-1 naphthyl phthalimide 
was compared with N-1 naphthyl phthalamic acid. The 
"imide" was found to be relatively inactive on the 
foliage of plants. In the soil, however, it gave 
results similar to the acid except that the herbicidal 
activity of the "imide" was sometimes delayed slightly 
and appeared to last longer. The apparent lack of 
direct foliage injury from the "imide" proved to be a 
definite advantage in spraying transplanted crops. 
This was especially true for sweet potatoes where the 
acid caused injury while the "imide" did not. 


The most appropriate rates of application of N-l 
naphthyl phthalamic acid, to obtain maximum weed con- 
trol and minimum crop damage, were usually between 2 


and pounds per acre although in some situations 8 
pounds seemed justified. 


Hoffmann and Smith (1) reported formative effects 
on tomato plants and Mentzer and Netien (2) obtained 
negative geotropic response of the roots of certain 
species with this chemical. Both of these effects 
have been noted on some species in these experiments. 
Little else is know at present regarding the possible 
mode of action of N-1l naphthyl phthalamic acid, however, 
physiological studies are now being conducted. 


In conclusion, it appears that N-1 naphthyl 
phthalamic acid and formulations of it may have a defin- 
ite place as selective herbicides on certain vegetable 
crops, 
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THE USE OF N.I.X, AND OKTONE IN 
“~~ WEED CONTROL PROGRAMS 


J. H. Standen 


Two contact herbicides, Good-rite N.I.X. and 
Good-rite Oktone, can be used profitably in several 
crops production programs, The recommendations given 
here concerning their use are based on work in several 
states by the author and other company representatives, 
by experiment station workers, and by commercial growers. 
N.I.X. is applied in aqueous solution, and can be used 
as a pre-emergence and as a post-emergence herbicide. 
Oktone, which is applied in oil, cannot be used as a 
differential herbicide. 


Good-rite N.I.Xx 


Chemically, Good-rite N.I.X. is sodium isopropyl 
xanthate. It is a yellow powder, completely and easily 
soluble in water. It is used at a concentration of one 
pound in ten gallons. This solution is applied at the 
rate of eighty gallons per acre. N.I.X. has the property 
of attacking succulent plant tissues, but hardemed or 
woody stems, and plants with waxy coatings are more 
resistant to its action. The compound has no hormone 
action, is non-corrosive and decomposes to harmless suv- 
stances in the soil. 


Good-rite N.I.X. is effective at temperatures 
greater than 70°F., and sunlight increases its activity. 
It requires two or more hours to kill, the length of 
time depending on temperature and sunlight. For this 


reason, it should not be applied within a few hours 
before rain or watering, and should not be applied 
within two hours of sundown. Low pressures and non- 
fogging nozzles are advisable. As Good-rite N.I.X. 
decomposes slowly in the presence of water or moist 
air, fresh solutions should be prepared each day, and 
containers of the dry chemical should be kept closed. 


Addition of wetting agents to Good-rite N.I.X. in- 


creases its killing action. For example, while solutions 
of N.I.X. without setting agents will kili ann grasses, 


mustards, ragweeds, and purslane at a heignt of one inch, 
with wetting agent’ added, the same weeds will be kilied 
at a height of two inches or more. Because addition of 
wetting agent will nullify differential action of N.I.X. 
such solutions must not be used on crops except those 
with definitely woody stems. 


N.I.X. applied as a differential spray is usually 
directed below the foliage of the crop plant to avoid 
leaf injury. Onions in the crook stage have been 
successfully sprayed, however, with over-all applica- 
tions. 


In truck crops, directed applications of N.I.X. 
have been used successfully on: 


Onions (should be 3" or more high) 

Corn (preferably over 5" tall) 

Peas (5" tall) 

Beans and Lima beans (before first trifoliate leaves 
unfold) 

Cabbage and other Brassica oleracea vegetables (\,", 

but before the plants spread out too much) 

Eggplant, peppers (preferably over 6") 

Carrots and parsnips (at least 8") 

In the greenhouse, X. has been used to weed car- 


N.I 
nations, roses, azaleas, and peonies. For bed weeding in 
Sys 


eennouses, a flooding nozzle, sucn 


In nursery practice, N.I.X. may be used wherever di- 
rected applications can made to plants with hardened 


stems. 
Good-rite Oktone 

Good-rite Oktone is supplied as a 0% solution of 
octachlorocyclohexenone in petroleum solvent. It is 
diluted at the rate of 1 quart of concentrate to 
fifteen gallons of #2 Diesel Oil or Stoddard solvent, 
or twelve gallons of kerosene. The compound has no 
hormone action and is non-corrosive. The concentrated 
product may cause burning of skin or eyes. 


Oktone is a powerful contact killer with no dif- 
ferential action. Foliage to be killed should be 
reasonably dry when sprayed. Oktone has proven most 
useful in field crop production as a pre-transplanting 
spray. Application rates are 20 to 40 gallons per 
acre, complete coverage. 


Oktone may be applied pre-emergence to crops that 
emerge with athick stem, but as presently formulated, 
may damage thin-stemmed crops if rain occurs soon 
after the plants emerge. 


Oktone is valuable for rough clean-up in greenhouses 
around cold frames, between houses, in walks and beneath 
benches. It is a good practice to ventilate well 
following its use. 


Carefully directed applications of Oktone spray have 
been used within a few inches of stems of shrubs, etc., 
in nurseries. In all applications, non-fogging nozzles 
and low pressures are advisable. 


FOUR YEARS STUDY OF PRE-EMERGENCE SPRAYS ON 


E. P. Lane 
: Iowa State College 

Direct seeding of tomatoes is practical in the 
Iowa canning areas. The greatest hazard to this prac- 
tice is the weed problem. The use of pre-emergence 
sprays was designed to control the early weed popula- 
tion until the time when the direct seeded tomato 
plants receive the first cultivation. 


The field technique was similar for the four years, 
1948 through 1951, as far as the following factors were 
concerned: experimental field design - randomzied 
block with four replications; rate of planting - one 
pound per acre; time of application of herbicide - 
approximately five days before general emergence of the 
tomato plants; yield data - harvest every 7 days. 
However, the number and kind of herbicides varied con- 
siderably from year to year. Stanisol, 80 gallons per 
acre, was used in all tests and 2,l-D sodium salt, one 
pound acid equivalent per acre, was used in the 199 
through 1951 tests. Other mterials tested included 
kerosene, 80 gallons per acres 2,-D amine, ester and 
sodium salt at 1, 2 and § lbs. per acre; PCP, sodium 
salt, 2, 24 h, 5 and 10 pounds per acre; TCA 90% k, 5 
and 8 lbs. per acre; Dow General 3 pt. plus 2) pints 
oils; low volatile ester one pound; Crag Heribicide #1 
(Sodium 2,l-dichlorophenylethylenedioxysulfate), one 
pound; Dow Premerge, one pound; Dow Selective, 2 gallons; 
2,4-D acetanalide, one pound plus 5 gallons fuel oil. 


Table 1 presents the summary of data from 1918 
through 1951 of pre-emergence treatments in tomatoes 
on weed control, tomato plant survival and yield. 


The seasonal conditions, from planting until after 
herbicidal application, were variable and appear to be 
of extreme importance in the subsequent control reactim 
of any herbicide. 1948 had normal temperatures with 
above normal rainfall; 19,9 temperatures slightly above 
normal, with considerably below average rainfall; 1950 
temperatures averaging 5 degrees below normal with 
above normal rainfall; and 1951 temperatures averaging 
10 degrees below normal with considerably above normal 
rainfall. Weed control for the above seasons could be 
classed in the following manner 198, good; 199, good; 
1950, fair; ami 1951, poor. This weed control classifi- 
cation was based, for the first three seasons, on the 
average number of days to cultivation from seeding and 
in 1951 on actual weed counts. 


Days to cultivation from seeding includes the 
period from seeding date to the date when it is apparent 
that it is necessary to cultivate the plot because of 
weed growth. This method of determining weed popula- 
tion or intensity is often times more satisfactory than 
weed counts since it eliminates to a great extent the 
distribution effect of weeds within the individual plot. 


It was evident that there were optimum amounts of 
herbicide that could be applied for best results. For 
example, as the amount of 2,)-D sodium salt was increase 
from one to four pounds the weed control increased, 

This was also true for the amine form of 2,l-D and the 
sodium salt of pentachlorophenate. This relationship 
did not hold for the ester formulation of 2,l-D where 


the one pound rate gave as good control as the pound 
rate. 


The effect of increase in rate of application of 


TABLE I. SUMMARY OF , YEAR'S OF PRE-EMERGENCE WEED CONTROL IN TOMATOES ON WEED CONTROL, TOMATO PLANT 


_ SURVIVAL AND YIEID. 


DAYS TO CULT. WEED PLANT STAND 19kh9 «1951 
FROM SEEDING COUNT l- - YIEID YIEID 
1951 
Control 24.5 30.50 22.00 107.4 69.50 185.00 272.0 182.5 14.03 4.81 
Stanisol 80 Gal./A. 32.5 40.75 23.60 72.9 57.75 190.75 278.3 205.2 15.82 5.92 
Kerosene 80 Gal./A. 29.5 40.50 40.37 166.75 14.61 
2,4-D amine - 1 1b./A 4.5 37.00 37.00 54.50 113. 107.0 15.41 
2 lb./A 95.50 10.59 
4 lb./A 49.75 38.25 
ester | 1b./A 55.00 23.00 12.97 
= 2 lb./A 53.75 9.50 
1b./A 55.00 9.00 
Na salt- 1 1b./A . 46.25 32.00 58.8 136.75 158.6 196.2 15.23 3.65 
= 2 lb./A 47.00 77.50 10.90 
- 1b./A 55.00 20.67 
Na PCP - 2h1b. 22.00 63.4 240.0 169.5 4.56 
= 5 lb. 42.5 27.00 79.1 49.00 217.6 198.2 5.67 
-10 lb. 29.60 82.3 
Low Volatile Ester 1 1b./A 37.00 149.3 
Dow General 3 pts. 37.00 50.5 144.3 16.5 
Crag Herbicide #1 - 1 1b./A 22.00 155.3 
Dow Premerge 1 1b./A 22.00 14. 
TCA 90% -  1b./A 89.8 197.8 5.41 
- 5 lb./A 32.00 204.6 
- 8 1b./A 65.9 216.8 keblb 
Dow Selective - 2 gal. 22.00 212.3 
Acetanalide y¥ 37.00 91.2 137.0 208.5 5.06 
# Qn basis of mean of two square 
yards per plot 
L.S.D. by 4 level 2.79 7-70 7k7 = 18.69 43.84 61.39 67.98 2.60ns. 
1% level 3.92 10.39 10.09 - 19.21 58.78 82.8, 92.07 3.56ns. 


an herbicide often has a detrimental effect on the 
survival of the tomato plant. This is very true of 
the 2,-D compounds. As the amount of acid was 
increased the survival of tomato plants was decreased. 
The plants that survived remained stunted and flower- 
ing was delayed. With most of the formations used 
in 1950 and 1951, amounts were applied that were 
thought to be non-detrimental to the tomato plant. 
This was not always the case, but it was noted that 
if a plant survived through the seedling stage, it 
would generally grow to normal maturity. 


One of the distressing features of weed control is 
the reversal from one season to the next in general 
toxicity of the herbicide both to the cultivated 
plant and to general weed control. This condition is 
probably due to the environmental conditions which 
prevail before, during and after the application of 
the herbicide. It is evident that seasonal conditions 
in the latter part of April and the first part of May 
are quite variable and further wark will have to be 
done on the climatic-herbicidal effect interaction 
before definite suggestions can be made, 


Yield differences taken from two seasons results 
showed no significant increases over the unsprayed 
plots. Decreases were noted where heavier applica~ 
tions of the 2,l-D formations were utilized. 


Although no definite recommendations can be given 
for control of weeds in direct seeded tomatoes by the 
use of pre-emergence herbicides, it appears that Stani- 
sol is relatively safe. In three of the four seasme 
applications of this material resulted in fair control 
of weeds with little injury to the tomato seedlings. 
Long periods of weed control are not necessary since 
reduction of weed stand is desired only to the period 
of first cultivation. 1.C.A. is another material 
that has shown promise. The remaining materials, 
particularly the 2,l-D derivatives, are usually too 
toxic to utilize as herbicides on direct seeded toma- 
toes. 


CHEMICAL CONTROL OF WEEDS IN EVERBEARING 
~~~ AND JUNE BEARING STRAWBERRIES 


E. L. Denisen 


In 1950, Crag Herbicide 1 (sodium 2,  dichloro- 
henoxy ethyl sulfate) was applied at the rate of 2, 
i and 6 pounds per acre to spring planted Dunlap straw- 
berries. The sprays were applied on June 1, following 
cultivation and hoeing. Very effective control of - 
slane and annual grasses was obtained at the | and 5 
pound rates. The effect of the herbicide seemed to 
"wear off" in about one month. At thet time all plots 
were cleared of weeds and a second application was made 


The weather following the second applica- 
and the sprayed plots needed no further 
hoeing or spraying for the remainder of the season. 
The check plots needed occasional hoeing. 


Runner plant counts were taken several times during 
the summer and fall. The number of rooted runners was 
reduced significantly for the 8 pound treatment. How- 
ever, yields taken in the spring of 1951 showed no sig- 
nificant reductions due to any of the rates used. 


Data on the effects of the treatments are as fol- 
lows (Figures are the average of 5 replications. Both 


sprays were applied by D. W. Staniforth of the Botany 
Department): 


(TWO RUNNERS COMPARED PER 100! 
APPLICATIONS ) TO CHECK OF ROW 
ec 100 qt. 
lb./A 7h 18.8 qt. 
8 1lb./A 16.3 qt. 


It should be noted that reduced numbers of runners 
of runner plants does not indicate reduced yield, since 
strawberries frequently set too many runners causing 
overcrowding. Reduced set of runners is apparently due 
to the inhibition of root primordia in soil which con- 
tains the active form of the herbicide. Frequent obser- 
vations of runners attempting to establish root systems 
in treated soil have shown that as roots primordia becare 
stunted, new primordia are produced and finally succeed 
in penetrating the soil. Since the rooting process is 
slowed by herbicidal activity, further elongation of 


the runners to produce more plants also seems to be 
reduced. 


The same bed was renovated following the 1951 pick- 
ing season and the herbicide applied at the same rates. 
Sufficient plants were formed in all treatments to pro- 
duce full matted rows. 


Crag Herbicide 1, at 2, 4 and 6 pounds per acre, 
and the iso-propyl ester of 2,l\-D, at 2 pounds per acre, 
were applied in 1951 to spring planted Robinson straw- 
berries. Grasses were the principal weeds and two 
applications of the and 6 pound treatments of Crag 
Herbicide 1 gave very effective control. Broadleaved 
weeas were controlled by 2,li-D. However, the nign popu- 
lation of grasses greatly reduced the 2,l\-D effect in 
over-all weed control. Rather severe epinastic response 
of the petioles anid runners resulted with the rather 
high rate of 2,l-D application. The plants recovered 
but showed a marked reduction in runners produced. 


TREATMENT PERCENT ROOTED PERCENT REDUCTION 

(™mO RUNNERS COMPARED IN MAN HOURS OF 

APPLICATIONS ) TO CHECK HOEING REQUIRED 
100 

2 1b./A-Crag Herb. 1 83 

16 

2 1b./A-2,4-D Ester 37 26 


Yields will be taken in the spring of 1952. 


Data on the effects of the 1951 treatments (figures 
are the average of replications) on Robinson straw- 
berries are as above. r 


Four everbearing varieties were planted in the 


rncobs 
was placed around the plants one month after planting. 
Blossoms were removed until June 25 and runners were 
removed all season. One sub-plot of each variety in a 
split-plot design, was sprayed with Crag Herbicide 1 at 
, pounds per acre prior to mulching. Six weeks later 

a second application of 6 pounds per acre was applied 
over the mulch. The principal weeds were grasses and 
elm tree seedlings which were very effectively controlled 


Summer yields in quarts per acre for both treat- 
ments of each variety are as follows(figures are the 
average of 3 replications): 


> 
? 

5 
i 
2, 


VARIETY NOWEED SPRAY CRAG HERBICIDE 1 


Brilliant 9,959 123569 
Superfection 11,316 12,313 
Streamliner 6,598 8, 369 


Highly significant increases in yield were obtained on 
the Crag Herbicide treated plots. The question arises 
as to the reason for the increased yield in this experi- 
ment. A further study of the yields seems to point 
toward effective weed control as a reason for increased 
yields rather than any stimulating effect of the herbi- 
cide, Until the mid-point (August 10) of the picking 
season, no significant differences were obtained 
between the check and treated plots. At that time all 
weeds were removed from all plots and subsequent reduc- 
tions in yields to the check plots were probably 
enhanced by this weeding operation. Weed removal dis- 
turbs the mulch and very likely injures the root systems 
of the closely planted strawberry plants. Yield dif- 
ferences between treated and check plots occurred after 
the hand weeding. The labor for necessary hand weeding 
was reduced by 88% in the treated beds. 


Crag Herbicide 1, at pounds per acre, applied 
to the soil following cultivation has vroved very 
effective in weed control in strawberries during the 
1950 and 1951 seasons. In all experiments with straw- 
berries it has been used on a fine sandy loam soil. 
However, it was equally effective in weed control, at 
l pounds per acre, on a heavy loam soil in 1951 when 
used in a weed control experiment with red raspberries. 
Commercial growers of strawberries in Iowa are being 
in 2e 


i/ Judkins, W. P. The effect of training systems and ir- 


rigation on the yield of everbeari trawbe 
wi sawdust mulch. Proc. i855" 


CHEMICAL WEED Ss 
D. D. Hemphill and W. W. Roberts 


Studies with 2,4-D and other herbicides for weed 

control in strawberries had been carried on by our De- 
t to a limited extent until 1950. Unusually 

wet spring and summer seasons had aroused the interest 
of the growers in the possibilities of chemical weed 
control. A number of new plantings had been abandoned 
during the past few seasons because there had been per- 
iods of six weeks or more when no cultivation could be 
done. In most cases, crabgrass and other “grassy” weeds 
were the primary problen. 


to the system used by Judkins.1/ The rows were 12 inches 

apart and the plants 12 inches apart within the rows. 


1950 Trials 


In early 1950 a number of chemicals were tested 
in the greenhouse and later extensive trials were 
established in the field in experimental plots and 
commercial plantings with 2,l-D and certain other 
chemicals which might have possibilities as selec- 
tive herbicides for grass control. 


In our trials at Columbia, Sodium 2,i\-dichlorophen- 
ylethylenedioxysulfate (EH#1), Dichloral urea. (EH#2), 
Endothal and Maleic hydrazide were selected and were 
used separately at three rates and in combination 
with 2,4-D at the two lower rates. A total of 21 dif- 
ferent treatments were used. Three replicated random- 
ized plots, Blakemore variety, were used in each treat- 
ment. A pre-planting and two summer foliage (June 21 
and August 16) applications were made. The foliage 
rate was approximately one-half the pre-planting rate. 
The most promising treatment with each chemical is 
listed in Table 1. Treatments involving the combina- 
tion of 2,l4-D with other chemicals are not listed. 

In general such treatments did not give particularly 
more effective weed control than either of the herbi- 
cides alone and reduced runner production markedly. 
The only exception to this was the combination of 
EH#2 and 2,4-D, which gave excellent control of all 
weeds (approximately 80%) but unfortunately runner 
production was reduced nearly 50 per cent. 


Data collected in this experiment for six of the 
twenty-one treatments are summarized in Table 1. Per- 
_ cent weed control is the mean percentage of a prep.ant- 
ing and two foliage applications. 


2,4-D at the rate of two pounds per acre did not 
give effective weed control as a pre-planting treat- 
ment on this particular soil. In other experiments 
conducted cooperatively with growers during the 1950 
season it was found that very effective weed control 
was obtained with two pounds on soils low in organic | 
matter. On high organic matter soils, at least ) 
pounds was necessary to give good control and no 
serious injury resulted from this rate. — 


All chemical treatments except 2,u-D reduced runner 
production significantly but yields were not reduced 
until plant population was reduced from 220,000 to 
less than 10,000 plants per acre. 


Effects of 2,l4-D When lied at Certain S of 
opment t rry t 


2,4-D was applied at certain stages of development 
of the strawberry to determine its effect on fruit pro- 
duction and plant growth. It was applied at the rate 
of 14 pounds acid, in amine salt formulation, to plots 
in a new planting that had not been previously treated. 
Application dates were October 4, October 23, April 1) 
(time of mulch removal) and May 1, (plants in bloom). 
Most of the fruits from plants treated October | were 
deformed and leaf petioles and runners were fasciated. 
Plots treated October 23 produced an occasional deformed 
berry but no deformed leaves or runners. No harmful 
effects, other than some modified leaves, were evident 
from the April 1, treatment. Yields were not depressed 
by the October , October 23, or April 1 treatments, 
although most of the fruit from plots treated 
October was unmarketable due to deformities, 


Treatment during bloom reduced yields by 75 per 
cent. Most of the berries were small and deformed. 


Control of Over-wintering Weeds 


EH#1, 2,4-D and IPC were tested for effectiveness 
in controlling fall-maturing and over-wintering weeds. 
EH#1 was used at the rates of 3 and 6 pounds; 2,\\-D, 
14 and 2 pounds; and IPC at 15 pounds per acre. 


These chemicals were applied October 21 after 
fruit bud differentiation was completed in all but 
a few late formed runner plants. 


Three pounds of EH#l was not effective, but 6 
pounds gave fairly good control. Both 14 and 2 pounds 
of 2,4-D were effective. IPC was not effective except 
for chickweeds. 


2,4-D killed Mouge-ear chickweed (Cerastium 
vulgatum), common chickweed (Stellaria media), 
ranesbill (Geranium Carolinianum), red sorrel (Rumex 
acetosella), winter cress (Barbarea vulgaris), Oxalis 
(Oxalidaceae), carpet weed (Mollugo verticillata), 
and primrose (Oenothera biennis), Seed production 
was prevented in annuals such as wormseed (Chenopodium 
ambrosioides) and pigweed (Amaranthus retroflexus) 
althoug ese weeds were not killed. Pokeweed 
( olacca Americana), broad-leaved dock (Rumex 
werss and cheat (Bromus secalinus) appeared 
In the treated plots the following spring. 


EH#1 at the six-pound rate was effective 
against most of the weeds that 2,l-D controlled, 
although it had little effect on fall maturing weeds 
such as wormseed (Chenopodium ambrosioides). 


IPC had little effect on weeds other than chickweeds. 
Early Spring and Pre-harvest Cont 


2,4-D (amine salt), 14 pounds acid per acre was 
applied April 14 at time of mulch removal. Weed con- 
trol one month later was 52% for broad-leaved and 82% 
for grasses. Better control of over-wintering weeds 
was obtained by the late October sprays than the April 
14 spray. The late October application suppressed 
grass germination the following spring but was not 
as effective as the early spring application. 


To test the practicability of pre-harvest treat- 
ments, 2,li:-D (amine salt) 1 pound per acre was applied 
to a field that was very foul with grasses and broad- 
leaved weeds, especially lamb's quarter's (Chenpodium 
album). Annual broad-leaved weeds were just s 

r than the strawberry plants at time of treat- 
ment while over-wintering biennials and perennials 
were considerably taller. 


Most annual broad-leaved weeds were killed and 
seed production was prevented in most biennials and 
perennials. 


At the end of the harvest season lamb's quarter's 
and other broad-leaved weeds were approximately 3 feet 
tall in untreated areas. Very little fruit was picked 
from the untreated areas due to the rotting of fruit 
because of dense vegetation. 


Some of the first fruit picked exhibited an off- 
flavor, but in general, this was not a serious matter. 
Without doubt a pre-harvest treatment should be used 
only as a "stop-gap" measure. Weeds should be con- 
trolled by late fall or early spring treatment. 


1951 Studies 


During the period of January to April several chem- 
icals were tested in the greenhouse as possible pre- 
planting or selective herbicides. Those that were 
tested were Potassium cyanate, Sulfasan, N-2 chlorophe- 
nyl phthalamic wid. Phthalanil, aromatic oils, allyl 
alcohol, p-Chlorophenoxy acetic acid, 4 Chloro-o-toloxy 
acetic acid, 2,4,5-trichlorophenoxypropionic acid and 
N-1 naphthyl phthalamic acid. 


None of the above chemicais appeared superior to 
2,4-D or 

Experimental fieid plots were established in May. 
2,4-D (amine salt) was used as a treatment 
and as foliage applications in June, July August. 
EH#1, EH#2, and Suifasan were applied about one week 
after setting and again in June, July and August. Four 
replicated randomized plots of the Blakemore variety, 
were used in each treatment. 

Effects ot these treatments on weed control and run- 
ner production are shown in Table II. The sp and sum- 
mer was unusually rainy with 30 days of rain d June 
and July. percent weed control is the mean percentage of 
the first three sprays. None of the herbicidal treatments 

ave satisfactory weed control during May, June, and July, 
the months of excessive rainfall. Weed growth was sup- 
pressed for only about two to three weeks. All weeds were 
removed before the second and third treatments but the 
fourth spray was applied approximately three weeks after 
the third without removing amy weed growth that had oc- 
curred after the third spray. In early November, at the 
time of the first killing frost, the 2,l-D and EHyl plots 
were relatively free of weeds. 


Runner production in 1951 was poor in general, 
and any treatment that further reduced plant stand 
will most likely reduce yields accordingly. 


Under the conditions of 1951, EH#1 appeared to be 
the most promising herbicide for strawberries. 


Post-Harvest Control of Weeds 


2,4-D has been used very successfully in the renewal 
of the field after fruiting. The procedure that has 
been used is: (1) mow old leaves immediately after 
harvest (2) cultivate between rows and narrow rows if 
desired (3) spray field with 2 pounds 2,l-D (amine salt) 
per acre () repeat spray after 3 to ) weeks. This 
method of handling the field is low in cost, practic- 
ally eliminates broad-leaved weeds, and reduces grass 
growth considerably. 


Conc lus tons 


Of the fifteen chemicals that have been tested for 
herbicidal use in strawberries, 2 ,))-D and Sodium 2,})- 
dichlorophenylethylenedioxysulfate (EH#1) appear most 
promising under the conditions in Missouri. Both herbi- 
cides tend to reduce runner production in new plantings 
and neither chemical has sufficient residual properties. 
None of the chemicals that have been tested are entirely 
satisfactory. In periods of high rainfall, when chemi- 
cal weed control is sorely needed, weed growth is sup- 
pressed for only 2 to 3 weeks. The search for better 
herbicides should continue. 


Even though chemical weed control in strawberries 
is not perfected, chemicals can reduce the hand labor 
requirement of strawberries considerably. Where weeds 
are primarily broad-leaved species, 2,li-D will give 


effective control without serious damage to the straw- 
berry plants. Grass control is more difficult. Herbi- 
cides that can be used selectively in strawberries 

tend to control grass only in the germinating stage. 


Very effective control of over-wintering weeds has 
been obtained. When applied in late October, 2,l)-D 
appears more promising than EH#l. Application of 2,)-D 
during fruit-bud differentiation has resulted in 
deformed fruit, leaves and runners; therefore, treat- 
ment during late August, September and early October 
is hazardous. If EH#1 is safe to apply during fruit- 
bud differentiation, as our limited studies indicate, 
it will be more beneficial when applied during late 
September or early October than when applied in late 
October. Under these conditions, it may be a more 
promising herbicide than 2,l-D. 


Treatment at time of mich removal appears prac- 
tical on fields that may become foul before harvest. 
A pre-harvest treatment with 2,))-D can be used if 


necessary. 


2,4-D can reduce the cost of weed control the 
second season. There is little injury from applica- 
tion at this time, broad-leaved weeds can be eliminated 
for the most part, and grass growth can be suppressed 
somewhat. 


Percent Piants Yield 
Weed Control**Per Crates/ 
Treatment Broad-leaved Grasses Acre Acre 
EH#1 61.7 70.3 182,473 217 
4,2 lbs®/a 
EH#2 49.0 71.0 186,086 220 
12,6 lbs./A 
Endothal (salt) 49.3 49.3 130,080 17h 
3,1 Ibs./A 
2,4-D (amine) 61.3 58.3 209,573 259 
2,1 lbs./A 
Maleic hydrazide 27.0 38.3 86,720 178 
12,8 lbs./A 
Control 218,606 22) 


* Rates for pre-planting and summer foliage applica- 
tions respectively. 

** Mean percentages for pre-planting and two summer 
foliage application. 


| 

| 
TABLE I, EVAWATION OF SODIUM 2,l~DICHLOROPHENYLETHL~ 
ENED CPATE (EMP1), DICHLORAL UFEA (En#2), ENDOTHAL 
2 i= ND MALE HYDRAZID iS HERBICIDES FOR STRAW- 
BERR LES 


TADLE II. EFFECTS OF SODIUM 2,l-DICHLOROPHENYLETHYLENEDIOXYSULFATE (EH#1), 
DICHLORAL UREA (EH#2), 2,l4-D AND SULFASAN ON WEEDS AND RUNNER PRODUCTION. 


‘Percent Weed Controls 
Treatment Broad-leaved Grasses Plants/acre 
EH#1 - 4 lbs./A 52.3 32.5 105,270 
EH#1 - 6 lbs./A 51.9 “31.5 78,735 
EH#1 - 8 lbs./A 7502 40.5 66,555 
EH#2 - lbs./A 42.4 14.5 100,920 
EH#2 - 6 lbs./A 50.0 3.! 68,730 
EH#2 3 lbs?/A 31.2 38.9 10h 
2,4-D-(Amine) - 2, 1 lbs.##/A 40.0 30.0 83,085 
2,4-d-(Amine) - 3, 141bs./A 42.5 35.0 66,990 
Sulfasan -  lbs./A 45.0 3.5 4, 370 
Sulfasan - 8 lbs./A 45.0 12.5 43,065 
Control 405 


# Dissolved in alcohol before mixing with water 
for pre-planting and summer foliage applications respectively 
Mean percentages for three applications 


EXPERIMENTS WITH CHEMICAL CONTROL OF 


¥ 


H. L. Lantz 


Crab grass is becoming an increasingly serious menace 
in lawns, fairways, athletic field, parks and other spec- 
jalized turf areas. 

Studies of chemical of crab 
ed on a heavily infested fairway of a local golf clu 

Thi Digitaria 


in 1951. s crab grass was identified as 
ischaemum, smail crab grass. 


During the season 50 plots, each 6 x 55 feet in size, 
were treated with the following cnhemicais: PMAS, Tat-C- 
Lect 4.75 percent powder, KCNO. All chemicals were ap- 
plied in solution with a knapsack spreyes. Igepon, a 

reader was used in all sprays. The rates o applica- 
tion of PMA were those as recommended by the manufactur- 
er. Potassium cyanate was applied at the rate of 6, 12, 
16 lbs. per acre. 


The crab grass was in the succulent 2 leaf stage of 
development about July i to 15. The first set of appli- 
cations were lied July 9. A second series was start- 
ed July 4?» a series August 8, and the last series 
August 28. The numper of soreye varied from 2 to 3 de- 

nding on the apparent kill following the first appli- 
ation. 

Typical reactions following the applications were 
noted as follows: 


at-C-Lect, and - ‘These mercury compounds pro- 
Proj. 760, Ia. Ag. Exp. Sta. (1) 
/ In cooperation with the National Crabgrass Control 
Program, USGA. Green Section, USDA, Beltsville, 


Maryland, and Iowa Greenkeepers and Turf Associa- 
tion. 


duced similar reactions. There was no severe burning 
but within 48 hours a distinctive yellowing of the 
crab grass which prevailed for a period of 10 days or 
longer was observed. The crab grass gradually died 
out and the bluegrass appeared perceptibly greener 
within 2 weeks after the applications. The mercury 
treated plots were the outstanding plots at the end 
of the season. 


Potassium sianate. There was a marked browning 
of the grass which began within 2 hours after appli- 
cation. At 2 hours the treated plots were dark brown 
to blackish brown, and remained that way 5 to 7 days. 
The 8 pound application gave marked browning, while 
16 lbs. produced a blackish browning. The bluegrass 
returned to normal color in about 10 days, 


There was a complete kill of crab grass in the 
KCNO plots treated July 9, and 19. iater, new seedlings 
of crab grass appeared, stooled out and produced an 
abundance of seed stalks. The late treated plots, 
August 18 and 26 produced a satisfactory kill and there 
were no late germinations of crab grass. 


General characteristics of the season. The sea- 
son star Slowly, two weeks later than normal, and 
was cool and wet. The summer months, June to 
September, were cool, and rainfall was abundant. 


The amount of crab grass control was determined 
by making an actual count in each plot on September 19 
and 20, A fram2 feet square (4 sq. feet) was placed 
at random on three locations on each of the plots, and 
counts were made of live, seeding crab grass plants. 


Discussion 


Good control of crab grass in these experiments 
was obtained by the early, midseason and late appli- 
cations of the phenyl mercury compounds. Two appli- 
cations appeared to be as effective as three applied 
at the rete of 24 oz. per 1,000 sq. feet. The time 
of application during the summer cid not seem to be 
too important under the wet cool season conditions 
which prevailed in 1951. 


Potassium cyanate, applied as a spray, caused def- 
inite discoloration at the rates of 8, 12, or 16 lbs. 
per acre, but no permanent damage was done to the blue- 
grass turf. The results of the August 15 and August 26 
treatments with KCNO, indicated better control of crab 
grass than from applications made in July. 


Crab grass seed has a known longevity which extends 
over a period of years and it is expected that there 
will be some reinfestation in the treated plots in 1952. 
The plots treated in 1951 will be observed in 1952 to 
determine whether the various chemicals used have any 
marked effect on the amount of reinfestation in the 
plots. 


PRELIWINARY REPORT CN THE USE OF CHLORDANE 
~~ FOR THE CONTROL CF CRAB GRASS 


B. H. Grigsby 


In the course of an examination of certain publica- 
tions dealing with insecticides, it was found that some 
of the more recently developed organic insecticides 
appear to have some herbicidal effects on various 
species of crop plants and weeds. One of the insecti- 
cides, chlordane, was reported to have residual effects, 
when placed in the soil, which affected the germination 
of seeds. Because of this fact, greenhouse experiments 
were made to determine whether or not crabgrass seed 
germination could be inhibited. 


In early January 1951, wood flats were filled with 
sandy loam soil and approximately 1 tablespoonful of 
crabgrass seeds was sown on the surface of the soil. 
The flats were then watered by flooding and as a result 
of this, the grass seeds were drawn inte close contact 
with the soil but not covered by a thick layer. The 
following day the flats were sprayed with enough of an 
emulsifiable concentrate of chlordane to be ewivalent 
to rates of 5 and 10 pounds of actual chlordane per 
acre. 


Within ten days the flats which had not received 
any chemical treatment had produced an abundant stand 
of crabgrass, as well as some broad-leaved weeds. No 
crabgrass nor broad-leaved weeds were present in the 
chlordane-treated flats. 


All flats were kept for a period of six weeks ari 
at the end of this period, it was found that some crab- 
grass was present in all flats but the amount in the 


chlordane-treated ones was much less than in the untreated 


flats. 


Another group of flats, prepared in the same way, 
were seeded on March 9 with a mixture of lam grass 
seeds to which a small amount of crabgrass seed had 
been added. The chief species of lawn grasses in the 


mixture were Kentucky blue grass, Chewings fescue and 
perennial ryegrass. Chemical treatments were applied 
within 2 hours after seeding. The chemicals used 
and results obtained are shown in Table I. These 
observations were made 26 days after seeding. 


Table I. Effects of Chemicals on the Emergence 
of Crabgrass and Lawn Grass Seedlings 


Chemical Used Percent Emergence 
None --- 100 100 
Chlordane in Oil, 15 0 50 
(L-2687) 
20 30 
25 30 


A highly refined oil has been found to be an 
effective selective herbicide for crabgrass in laws 
(1). However, this oil does not produce a rapid kill 
of crabgrass and repeated applications are required. 

An effort was made to extend the effectiveness of the 
method by the inclusion of chlordane. For this pur~ 
pose, enough technical chlordane resin to be equivalent 
to 10 lbs. per acre was dissolved in the crabgrass 
spray oil and the mixture applied to flats of crabgrass. 
The grass was in a 2 to leaf stage of growth at the 
time of treatment. Four days after spraying, all the 
crabgrass wag dead and dry. Similar plants sprayed 
with the oil alone were of a red color, stunted, tut 


still living, and a second spraying was required to 
kill them. 


During the summer of 1951, June through August, 
an extensive series of lawn plots were treated with 
chlordane in various oil carriers, and it was found in 
these trials that the addition of chlordane markedly 
reduced the time required for killing crabgrass. Chick- 
weed plants present in these plots were killed as readily 
as was crabgrass. 


The trials were made on various lawn grass mix- 
tures and on three types of bent grass. Kentucky blue 
grass, Astoria bent and annual blue grass showed no ill 
effects from the treatments. Seaside and Washington 
bent developed a slight yellow color which lasted for 
about two weeks. Chewings fescue was occasionally 


discolored by the treatments but no permanent damage was 
observed. 


Disscussion 


The results obtained in greenhouse trials indicate 
that chlordane has the property of delaying emergence 
and preventing germination of crabgrass seeds. It also 
has some effect upon the germination of other grass 
seeds. This fact is important because all the available 
crabgrass control methods now in use are unsatisfactory, 
inasmuch as they do not apparently affect seed germina- 
tion and repeated applications are required after the 
original treatment. 


Our observations indicate that best results may 
be expected when the technical resin form of chlordane 
is used in an oil carrier. Emulsifiable concentrates 
have some effect but appear less active than the 


technical product. 


The dosage rates used in these trials, 5 to 25 
pounds, were within the range used for the control of 
grubs and other soil-inhabiting insects. Thus, it is 
apparent that applications of chlordane may have both 
insecticidal and herbicidal value. While no data were 

secured in regard to residual effect of chlordane on 
crabgrass emergence, visual observations during the 
season indicated that there were fewer new crabgrass 
seedlings 4:, une chlordane plots than in the other plots 
Further trials over a longer period of time are needed 
to determine whether chlordane will inhibit crabgrass 
germination in treated sod. 


Results from applications of chlordane in crab- 
grass spray oil or in kerosene showed clearly that the 
insecticide would increase the crabgrass killing proper- 
ties of these oils without causing undesirable effects 
on turf grasses. Refined oils alone are slow in action 
and repeated treatments are required during the growing 
season. The method described enables one to secure a 
quick kill of crabgrass with a single application of 
spray mixture and also leaves a residue in the soil 
which may help to prevent reinfestation later in the 
season. 


The very mild effect of chlordane on bent grass offers 
the possibility of the use of chlordane for crabgrass 
control on golf greens. In such locations the treatment 
may be made on small patches of crabgrass or to an entire 
green if the weed grass is abundant. Some retarding 
effect may occur but the bent grass will not be killed 
and soil fertilization prior to the herbicidal applica- 
tion should make a rapid recovery possible. 


Application of chlordane in oil may produce a 
quick defoliation of perennial broad-leaved weeds and 
clover but these plants soon recover. Annual weeds 
may be destroyed by a single treatment. 


These preliminary tests represent a new approach 
in that an insecticide was combined with a herbicide 
in order to secure greater herbicidal properties. Only 
chlordane was used in the experiments reported here 
but work is under way in which other —nsecticides are 
combined with herbicidal oils. Results are not yet 
available but there are indications that such combi- 
nations may extend the usefulness of certain compounds 


and that synergistic effects may be obtained by such 
combinations. 


Summary 
1. Applications of 5-25 pounds chlordane to soil in 
which crabgrass seeds were germinating reduced 
the emergence of crabgrass seedlings. 
2. Foliage applications of 5 to 10 pounds chlordane 
per acre, in a refined oil carrier gave a rapid 
kill of crabgrass without injury to lawn grass. 
3. Crabgrass plants can be killed at any stage of 
growth by the mixture. 
lk. Bent grasses eppear to be tolerant of the oil- 
chlordane mixture. 
S. Chickweed can be killed about as readily as crab- 
grass with chlordane in oil 
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AERIAL SPRAYING AND ENGINEERING 


INTRODUCTION 
John H. Burk 


We are supposed to discuss aerial spraying and 
its development over the past year, and a few of the 
serious problems of aerial spraying and also to dis- 
cuss engineering. 


Dr. S. W. McBimey was to have been co-chairman 
of this panel, but he was called to accept another 
assignment and so he can't be here with us. 


Mr. Archie Gieser of the United States Depart- 
ment of Agriculture, of the Aircraft and Special 
Equipment Center, is here and will speak for Kenneth 
Messenger who is listed on our program, but is absent. 


I believe generally speaking, the biggest contri- 
bution that will be made toward solving the problem 
of the aerial applicators is in their formation of the 
Aerial Applicators association, which is quite a step 
forward in working toward a solution of solving aerial 
applicator's problems. [I believe now we will be able 
for the first time in our history, to get the answers 
to some of these problems as soon as we can study them 
and the results of the problems will be coming along, 
and we will co-ordinate the aircraft end of it. We 
hope you will give us the benefit of your experiences 
as well, and limitation of products and control, both 
good and bad, as decided in those problems, and sort 
of help us along. 


In my opinion we will probably be talking about 
the greatest combination of peacetime forces that the 
world has ever known, that of agricultural aviation 
working with agricultural chemicals. That was exem- 
plified this year by a few pilots in a few weeks stop- 
ping a very serious locus infestation. 


We have a pretty potent force in the establish- 
ment of world peace. For the forty billion or fifty 
billion dollars spent on destructive forces in the de- 
fense program, if we could just spend part of that for 
constructive forces in aviation, by matching each 
dollar spent for destructive forces, with one cent for 

constructive forces, in chemistry and aviation, I 
think we would have a better world to live in, so we 
are really discussing a very important problem. 


THE AIRCRAFT AND SPECIAL EQUIPMENT CENTER 
Archie Gieser 


I want to say a few words about our organization. 
It is the Aircraft and Special Equipment center, a 
recently established organization which consolidates 
work formerly done at a number of different places in 
the United States. It is a unit of the Bureau of 
Entomology and Plant Quarantine, U. S. D. A. and we 
are located at Cimarron Field, which is about 25 miles 
west of Oklahoma City. 


We are concerned with obtaining the best possible 
use of equipment for insect control and trying to 
standardize the dispersal apparatus of aircraft so 
that one individual airplane can do as many jobs as 
possible. Another objective is to make spraying by 
aircraft as safe as is possible. 
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Now we realize that there are jobs that require 
probably one, two or three different kinds of equip- 
ment and we don't propose to be able to make one air- 
plane do everything. What we would like to do is 
have one airplane do as much of that as is possible. 


We realize that each insect and anything that you 
might be working with in aircraft all requires its own 
parts and size and anything relating to the spray as 
applied to the project or plant, or whatever you are 
treating vary. 


Another objective is to make spraying by aircraft 
safe as possible. 


Now, our work does not include equipment of the 
control of weeds but since some of the aircraft 
dispersal apparatus used for insect control can be 
used for weed control, we have been asked to relay 
some information on this equipment. 


To promote safety we are doing some of the follow- 
ing and I will list then. 


To begin with one of the jobs now in progress in 
our shop, is building complete new ribs for new wings, 
for the Stearman, which is in complete cooperation 
with the Engineers of the CAA at Fort Worth, Texas. 

We have increased the chord by about 4} inches. We 
have increased the camber. We have increased the wing 
area by some 17%. We hope to increase the performance 
of the airplane considerably. And we hope it will in- 
crease the carrying ability. We are trying to improve 
stall characteristics. We are trying to eliminate bad 
mushing characteristics. The original airplane was 
completely tested and records made of its climbing, 
stalling and take-off condition. The same tests will 
be made after new wings are installed. To show ad- 
vantage gained, we have decided to install these new 
wings on a Stearman that has a 220 horse power engine. 


The ribs are stressed for 50 wasp if that engine is 
desired. 


If anyone cares to use this, we are keeping a com- 
plete cost of modification relative to materials end 
labor and performance figures and they will be avail- 
able to anyone after completion. Just write us if 
you are interested. 


Now we also have information relative to equipment 
that is installed in some of our aircraft. For the 
past several years I have had to inspect contract air- 
craft for contract flying on bug control programs 
and grasshopper control programs, etc. and I have some 
observations that to many would seem like a minor item, 
or minor detail, that wouldn't have to be tended to 
right away. That probably is a combination of a nun- 
ber of them that could cause more harm than is antici- 
pated. 


I could point out a number of weaknesses that are 
common to probably all aircraft that I have inspected 
for the past couple of seasons. 


I don't want to take a great deal of your time. 
If anyone would be interested in some of the things 
that seem to be found wrong with all aircraft in gen- 
eral, I will be happy to discuss it with you. 


THE CIVIL AERONAUTICS ADMINISTRATION 


George Childress 


I think in the audience here today, we have quite 
a few people who just wonder how the CAA gets into this 
business of dusting and spraying and what our relations 
are with the aerial applicators. I thought it might be 
in order to tell you briefly what the responsibilities 
of the CAA are in this field. 


First: The CAA does not make any of the regula- 
tions pertaining to the operational aircraft. All the 
regulations are made by the Civil Aeronautics Board. 
The Civil Aeronautics Administration adminsters and 
interprets these regulations. The CAA has two duties 
relating to aerial applicators. 


One is the enforcement of regulations and the 
other is to foster and promote. And we try to keep a 
very definite line of demarkation between our enforce- 
ment program and our program to foster and promote. 


Now in the regulatory end of it, we are concerned 
with three things. One: We are concerned with the 
ability of the pilot. It is up to the CAA to establish 
standards and see that the pilots meet these standards. 


Second: We are interested in the airplane itself 
whether this airplane meets the air worthiness require- 
ments that are set up by the Civil Aeronautics Board 
and interpreted by the CAA. Third: We are interested 
in the people that are going to fly these airplanes. 
Regarding, Air Traffic Rules, the one item that we are 
concerned with there, so far as the aerial applicators 
are involved, is minimum safe altitudes. The regula- 
tions specify that aircraft shall not be flown closer 
than 500 feet - and we know you couldn't do any dust- 
ing or spraying by that regulation and the Board got 
the Administrator to waive certain sections of the 
regulation. That is, we waived certain sections to 


authorize aerial dusting, seeding, spraying and so forth. 


Now there are many ways that we could get into 
this business a little bit more than we are. I mean in 
the regulatory end of it. There could be pilot waivers. 
The waiver could have more restrictions on it. It could 
be restricted to areas but the CAA does not wish to re- 
strict this business in any way at all. 


In the first place we don't have enough people. 
We don't have the people that know enough about the 
business. We prefer and we intend to devote our ef- 
forts primarily to fostering and promotion and in that 
respect, I think that we can do more to help you people 
by helping you with your educational programs. To show 
you, to give you a classic example of the CAA's good 
faith in this program of more education and less regu- 
lation, the board adopted a regulation that was drawn 
up by the CAA to classify agricultural airplanes in a 
special category. We now have a Regulation CAR Part 8, 
which applied to those airplanes and that just about 
allows the aerial applicator to do whatever he wants to 
do with an airplane so long as he does it for dusting 
and spraying and keeps it in this restricted category. 


Several operators and others associated with 
agricultural aviation have asked for a duster rating. 
I don't think that is what you want. I don't think 
that is what you need. I don't»believe very many of 
you would pay too much attention to it if we had a 
duster rating. You would do just as you do now. You 
still would want to find out for yourself just what 


this pilot can do. I don't think that many of you would 
hire a man on the strength of his holding a duster rat- 
ing and all the other ratings that would go along with 
it. 


You would still want to take him out and check the 
pilot and see what he is capable of doing, but I will 
say this, that if you want a duster rating or if the 
industry wants a duster rating, I am sure if they hol- 
ler long enough, and loud enough, they will get it, but 
when you get it, it will take a lot more hollering to 
get rid of it than it did to get it. So lets don't 
make the mistake. 


I am not very good at remembering figures but I 
thought you people might like to know something about 
the accidents in agricultural aviation. The Civil 
Aeronautics Board put out a report, a very thorough 
and good report that is yours for the asking if you 
will write to the Civil Aeronautics Board, Washington, 


The accident analysis, which they will be glad to 
send you, if I remember correctly, indicates that there 
were slightly more than 00 accidents in agricultural 
aviation in 1950. Now that represents a substantial 
increase over previous years but in itself, it is not 
alarming because we have a thousand more airplanes in 
this work today than we had a year ago. We have 4,000 
more than we had in 1948 when we had 2,000. There is 
an estimated 6,000 aircraft used in Agricultural Avia- 
tion today. 


Last year the 5,000 aircraft were divided roughly 
50-50, that is 50 percent were light category aircraft 
and 50 percent were medium airplanes like Stearman, N3N, 
and aircraft of that category. Today, that ratio has 
advanced to 60-0, 60 in favor of the light aircraft, 
LO percent in the medium type. With the increased per- 
formance of the lighter aircraft, and the business be 
coming more or less localized, I think the trend will 
be toward the lighter aircraft. Of course, we have to 
consider that there is no replacement for the old Stear 
man and the N3N's. 


W. T. Piper 


Things are now changing so rapidly in aviation 
that I reserve the right to say something today and 
change my mind tomorrow, and so it is the same way with 
the proposition we are talking about, the agricultural 
airplane. 


We hesitate to do anything about it because I have 
traveled all over the United Ststes and talked to a lot 
of fellows who run sprayers and dusters and I have 
never talked to one that didn't have the best. So we 
just laid off and finally decided maybe we'd better 
make a stab at it even though we don't know anything 
about it, and everyone else is en expert. We inquired 
about what they wanted and no ome could agree. They 
wanted to carry a bigger load, end one wanted a slow 
one and the next a fast one - just one thing they could 
all agree on, and that was that they all wanted to make 
more money. 


I would like to make a comparison between this 
industry and trucks. If say 20 years ago you would 
have heard a man say, "I have a big truck, 30 feet long, 
and it carries a box car, and it costs you $20,000, " 


the man would have been kicked out and today, if you 
went to the same man and said, "I have the finest 
little one ton truck made, " he would say, "Get out of 
here, we can't afford to use them." 


So we have come to the conclusion the price of 
anything isn't too material as related to other things. 
I have often made the remark, if you get something at 
a very low price, if you can't make some money out of 
it, you can't afford to buy it -- and if you can make 
a lot of money from it, you can afford to pay plenty. 


This thing has to start and develop along and the 
operators don't have a great deal of money. After they 
make some, they will be in a position to buy more ex- 
pensive tools. We have nothing but the Cub and they 
are scattered widely over the United States. They 
could be had for a small amount of money and a large 
number of them have been used for dusters and larger 
engines put in them, and so we did the same thing. We 


knew they wanted more carrying capacity and it is quite 
a task to do this. 


We decided on this thing, what we would do, is 
cut the top off and replace it with a flat plate, so 
we could put in a larger tank. We put in a tank that 
will hold 180 cubic feet. So the carrying capacity is 
a little over 100 gallons of fluid. We fix that up so 
it can be quickly changed from a duster to a sprayer. 


I don't know how you feel in this part of the 
country, but so far as I can gather, the drift has been 
rapidly toward spraying and dusting. Dusting was used 
first and a lot of people use it for various things 
now, but the tendency is for more spraying. 


You can do that during the day, while dusting is 
an early morning proposition generally speaking, so we 
built an airplane that will carry a larger amount of 
fluid or dust, than you have ever had and we have made 
it so that in about two hours you can convert it from 
a duster to a sprayer. 


Now for a different job, you want different kinds 
of chemicals, so we have a pump that will pump a whole 
lot more fluid than those in the past. And we found 
you wanted different kinds of droplets so we have an 
assortment of jets. In Ohio when you spray the power 
lines, you have the big jets, of course, and in other 
places, they want very small drops sprayed out per acre, 
so you have to have an assortment of jets to let the 
fluid out. 


Also there is a great deal of complaint that the 
dust gets in the back end of the airplane and to take 
care of that we put on a metal bottom. And we think we 
have about the best we can give to the people at present. 


We know there are objectionable features to it, 
but the business hasn't been big enough as yet to 
justify a manufacturer to go out and build an airplane 
and expect him to capture the market and get enough to 
justify the expenditures of getting set up. 


We know there are a lot of problems which time 
alone will solve. Out in New Mexico, one of our distri- 
butors came into our plant and he said, "We will build 
an airplane out there, we will take 2 cubs, put the out- 
side wing on it, and put the pilot on that. We have 2 
engines and can carry 2,000 pounds of material and he 
will be away from the dust." Maybe that sounds nutty -- 
I don't know. I take the position that if the boys can 
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afford that, and they are safe and will make money, 


it might go over in a big way. Time alone can tell. 


We are changing so rapidly nobody knows what it 
is. This is a new industry and no use in trying to 
crowd it. The trouble with most of us, we want 
to become a man too soon. 


REMARKS 
Ralph Young 


We need planes in two or three categories. The 
Stearman or the heavier plane is definitely on the 
way out. Yet, we have some farming jobs which require 
heavy equipment. By that same token we have problems 
now that require planes in the light category. Just 
this last week we talked with a man from our state 
who has over 7,000 miles of high tension transmission 
lines with 150 foot right-of-ways to maintain. He 
asked that we formulate or convert a plane from a 
twin engine plane to a class that would service that 
type of an industry. 


Now just what we are doing at our State University 
in trying to bring to the farmer another approach to 
the problem in this. We have taken one of Mr. Piper's 
J-3 cubs and in farm language we are breeding that plane 
to the AG-l1. We are hopeful of coming up with hybrid 
vigor and having something that no one yet has ever 
looked at. 


That project is moving along with dignity. With 
cooperation and a will to do without one red penny, 
other than the overtures like those made by our good 
friend Mr. Piper and his corporation by furnishing 
us with the motor, and an air frame, We have gone to 
all the different industries. Mr. Pat from the Spray- 
ing System has given us nozzles. We are moving for- 
ward. We are hopeful of having a plane that can be 
bough by the farmer or the customer, the aerial appli- 
cator, for less than $3,000. 


It will have a 125 horse power motor and a 22 foot 
hopper. It will be for a dual purpose to distribute 
solids or dust. We plan to have an auger in the tank 
or a hopper that will have positive power metering to 
spit out solids. When it comes to liquids, we will 
change the speed of the RPM of that auger and it will 
be an agitator. The load will be right under the man, 
We run the man's head up over the ceiling of the plane, 
and he looks out over the edges constantly. 


I think we will have somcthing. We have copied 
so far as possible -- the virtues of the AG-1 plane. 
We have the finest set of blueprints and I want to 
again thank Mr. Childress of CAA for their wonderful 
cooperation in making available all the engineering 
"know-how" that is needed to build this project and 
keep it going, amd I am inspired as I said to have the 
fine cooperation of men like Mr. Piper and the indus- 
try. 


Regarding the agricultural engineers which you 
mentioned in your test laboratory, I feel that we 
certainly need to get better acquainted with some of 
fine work they are doing right there. 
Ayren at Toledo and with them in Maryland 

think we can only go in one direction 
I want to commend John and the 


Aerial Applications association, in trying 
their problems. I am inspired by all that 
said here today. 


solve 


to 
has been 


W. M. Phillips 


We estimate we sprayed some 1,00,000 acres of 
mesquite this year, and with very little cotton damage. 
Now out there where the mesquite grows, you will also 
find cotton is somewhere close. We have a lot of big 
ranches out in that country but regardless where that 
ranch is, somewhere it has a border and when you get 
to the edge of that biz ranch, you are liable to run 
into cotton country. 


There are a number of factors we feel that are 
partially responsible for this safe application. Op- 
erators were extremely cooperative in spraying and they 
developed ability, and they know they can't spray that 
patch of mesquite near cotton. 


We think that is a very important factor. Some 
other things that entered into it were rather careful 
observations of wind velocity and that sort of thing 
and rather close supervision by PMA officials. We also 
feel the airplane equipment which was recommended and 
largely used had a lot to do with the safety of that 
operation. 


Mr. Fisher recommended that equipment used for 
application of 2,l,5-T on mesquite be such as to deliver 
rather large droplets. We all know large droplets will 
fall faster than small ones, and if there is a little 
wind, will drive less. We have found that the large 
droplets will do fully as good a job in killing mes- 
quite as the small droplets, therefore, we feel we are 
justified in recommendingthe use of equipment that will 
deliver large droplets. 


From the safety standpoint, as far as we are con- 
cerned, it makes little difference what kind of equip- 
ment it is as long as it is adequately covered and rela- 
tively uniforn. 


There are some other factors that enter into it. 
If you are going to use large droplets, it is neces- 
sary to use a larger nozzle or opening of some type. 
Much of the water used is taken from earthen tanks or 
‘ponds so it is not clean water by any means. With 
larger nozzles or openings, we found very little diffi- 
culty with the clogging of nozzles. 


Now another thing we specified in the recommenda- 
tion was that each nozzle have a positive cut off. We 
feel that it is very important because while I think 
everyone avoids turning over a cotton field, sometimes 
it is necessary, and a little bit of 2,),5-T will go 
a long way in a cotton patch. 


Mr. Thornason 


Well I imagine our problems seem like child's play 
compared with Mr. Piper's or any airplane manufacturer, 
because we are only building just one unit or just one 
small part for an airplane, but the further we get into 
it from year to year the more theproblems multiply, and 
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the more difficult they seem to become. 


As most of you know, I think, we are building just 
a small or a little airplane sprayer. Our largest 
units run around 100 gallons on Mr. Piper's Super Cub. 
These units are built with a main purpose in mind, and 
that is to take a small operator and give him something 
that he can turn, so as to keep his operations going. 
If he can spray for say three months out of the year 
and use the airplane for another nine months for all 
purpose flying, he will stay in the business, and if 
he doesn't do that, chances are in another year or two 
he will be out. 


We are working on a lot of factors. Probably fore- 
most is more safety. That either is recognized or 
should be recognized as the most important thing from 
the pilot's standpoint and from the safety record and 
from the standpoint of staying in business, due to in- 
surance costs and to the general public's reaction. 
Accidents don't help anything. 


Six or seven years ago sprayers hauled 0 gallons 
and everybody was satisfied. Now we take a light air- 
plane and haul 100 gallons. 


Efficiency -- that is naturally always very in- 
teresting because if an operator losses two or three 
loads per airplane per day that in terms of dollars 
and cents mounts up, chances are it mizht even be his 
profit. 


Drag -- of course that runs into efficiency too. 
If you can build a unit with less drag, you are going 
to be able to make the pull-ups with more safety. The 
airplane will be cleaner, and the take-off runs less. 
Its general load carrying ability is more. 


Safety of the airplane, with spraying equipment is 
foremost. We use to think it should be designed for the 
purpose of better using the spraying equipment. 


Another feature that is very much coming to the 
front is toxic chemicals. This brings in outside 
plumbing and outside fillers. In fact, belly tanks 
have been used since we have more horse power. Belly 
tanks were originally dangerous and under-powered, and 
they didn't work out so well, but belly tanks on a 125 
horse power don't make any difference, the airplane 
performs regardless. 


We have one unit for a Super Cub that has a tank 
located in the back in shape of a seat. It gives the 
unit a total capacity of 130 gallons. 


In our problem, it is the same story Mr. Piper 
mentioned - low volume, high cost. Every time you 
want something made, if we talk in say 500 units, the 
price immediately jumps up. If we can talk in 1,000 
units, we can deal then like an automobile manufacturer, 
or anybody else, when it comes to parts or anything like 
that. 


If the volume ever gets up there high enough where 
a person can ever make 10,000 units at a crack, the 
cost will come’down very rapidly. 


That's all in the future of course. 


I don't believe I have any more to say, but I be- 
lieve we are working in a business that has more future 
to it than anything that has ever been connected with 


aviation. We are just scratc the surface. I think 
it has come further in the last five years than dusting 


did in the past 25 years, and I don't think anybody can 
imagine the prospects that are in front of us, and the 
future that we have. ; 


John Burke 


Let me ask you. Don't you think probably another 
problem that should be recognized at this panel would 
be the chemical and corrosive reactions on maybe alumi- 
num and the material that the equipment is made of that 
we put our chemicals in. 


Is that a problem? 


A. That is very true and that is becoming more 
true with liquid fertilizers and things like that. We 
are handicapped now, due to the war situation. Mater- 
ials are getting harder to get. Priorities are rough. 
We have to plan further ahead all the time. Stainless 
steel has been largely removed from the market alto- 
gether. It is pretty rough to get. 


CHAIRMAN BURKE: One more question. What do you 
feel the possibility is, of people in your line of 
business of standardizing on equipment to some extent? 


A. I think that would be very good. The aims 
have been more or less toward each person going in a 
different direction. That is, one person takes safety, 
and another takes maybe volume, or something like that, 
of course the airplane industry isn't too standardized. 
Maybe the unit won't standardize, but it certainly has 
possibilities, because if you could use 10,000 units 
of an article, the price would be so much different 
than in buying 500. 


CHAIRMAN BURKE: Are there any other equipment 
manufacturers or representatives that would like to 
express their views on this? 


P. W. SPRAYING So.: I would like to say I did 
work with Mr. Young and the rest of them on brush con- 
trol. My company developed as you know a lot of agri- 
culture nozzles for airplane wrk, chiefly the shut-off 
nozzle. We have used a special nozzle for that purpose. 
Also a fram shut-off control. 


My company is very much interested in this agri- 
cultural program. At a recent meeting at our sales 
organization in Chicago, we were advised in the past 
two years we had spent $250,000, just for development 
and research, 


Included in that is a new laboratory and we would 
like to invite anybody that has nozzle problems to come 
into our organization and work with us on it. 


CHAIRMAN BURKE: Any of the other people in the 


audience care to give us a report on problems as you 
see them’? 


MR. ANG., KANSAS CITY: Just briefly here, be- 
cause so many of the problems have been touched on by 
the speakers. I would like to mention three of the 
problems that Ang Aircraft Corporation is concerned 
with by aircraft dusting and spraying equipment. 


Three of the things I would like to mention to 
you are the increase of pay load, of existing equipment, 


She 


modifying existing equipment for greater safety and 
adopting existing equipment for a wider range of jobs. 


First of all is the increase of horse power, that 
is more and more used in spraying and dusting. You 
will find 100 horse power for J-3 for example, that 
wasn't heard of several years ago. There is a need 
as has besn pointed out, in increasing the size of 
tank, and that gets into problems of tank construction. 
We are wrestling with some of those problems right now. 


Our feelings are that round tanks are superior to 
the square tanks, for you have no undue pressures that 
you have in the square corners. As you get a bigger and 
bigger tank, why you find you can't stay round very long, 
and increase the size of the tank, so we are now work- 
ing out an elliptical tank up to bs gallons capacity for 
the J-3 and trying to lick the problem in that manner, 
but there is a lot of work to be done. 


Another thing that has concerned us is increasing 
the safety of dusting and spraying aircraft. With the 
increasing number of pilot complaints on fumes of the 
contents on both Stearman and Cub airplanes, when dust- . 
ing and spraying, we have tried to do something on that 
line to modify our airplane. One thing that has seem- 
ed a bit helpful to us, and I would like your reaction, 
is to throw the windshield away. That has been a fair- 
ly common practice on Stearmans in some parts of Texas 
and on Cub aircraft. The fumes accululating in the 
cockpit are what caused us to go ahead on that, and 
when you remove the windshield you get into other prob- 
lems. 


It seems when you remove the windshield it elimi- 
nates the need for heavy respirators which some pilots 
wants to forget about when it is hot. So, we are in- 
terested in safety from that development. 


So far as equipment is concerned, we have done work 
with a stainless steel boom and we would like to hear 
from some others. So far, we have stayed with the 
aluminum boom on our equipment because of greater safe- 
ty. The aluminum boom will bend before the airplane 
is smashed into the ground. 


Perhaps the answer will lie in the developing of 
a special alloy or special kind of stainless steel 
which will produce the desired results, namely, non- 
corrosive action and increased pilot's safety. 


The existing equipment for light aircraft, runs 
anywhere from half a gallon to five gallons per acre 
application and probably with a larger pump, say an 
inch and a half, or inch and a quarter pump the larger 
in-let and out-let, we can reach up toward 10 gallon 
per acre, even with your Cub aircraft. If that is de- 
veloped you will be interested in watching it as more 
and more liquid cotton defoliate is used. Other than 
those developments I haven't much else to say. 


Health development -- I don't see any great advance 


to be made in dusting and spraying equipment at this 
time. 


I think the next great step will be a convertable 
dust and spray unit. By convertable I don't mean one 
that can be changed once or twice a season, without 
much trouble. There are some on the market today that 
are successful. I am speaking of one where you dust 
in the morning ani spray in the evening. We haven't 
been able to find the same unit practical to use for 


both liquid and dust. It seems to me the only way you 


can successfully put liquid and dust together in the 
same airplane, on the same day, is that your dust 
hopper has to go in the fuselage. 


We all know there are a lot of Stearmans on the 
market with successful boom installations. Perhaps 
that will tie up with my idea. If we could put the 
preparation in a wing tank for spraying and then put 
the dust preparation in the fuselage, we would have 
combination dusting and spraying equipment that wuld 
be completely separate from each other and that would 
be the next major step. 


CHAIRMAN BURKE: Lets see the hands of all the 
air applicators in the room who are in favor of remov- 
ing the wind shield and think that advisable. 


Now let me see the hands of all those who feel 
the removing of the windshield is not advisable. 


It seems quite apparent the general expression 
of the group is that they favor not removing the wind- 
shield. 


Now about the problem of pump standardization. 
We do have a project going, making a study of the pump 
and maybe we will have something to report on that in 
a few months. 


Any other questions in aerial spraying? 


VOICE: Regarding corrosive action, the chemical 
companies can give us a lot of help on that, in the 
actual formulation of the chemicals. It can be done 
from two different sides, because we may have quite a 
job getting stainless steel, and if there are probably 
1,000 sprayers in this area that have tanks, if they 
have chemicals that are too corrosive they might make 
chemicals that won't be quite so corrosive. 


CHAIRMAN BURKE: 
that problem. 


That is a very good approach to 


ROY TAYLOR: I think our engineers might give 
some thought to chemical management and find out what 
they use to protect the inside of the barrel or drums 
in which they ship the acid. We might give that some 
thought. However, I have found if the drums are - or 
if the insulation in the drums is cracked, or if you 
store it up for 90 days, you might lose some poison. 
The coordination of engineers building the spray units 
and manufacturers of chemicals, should work out some 
solution to our problem because I have about six to 
eight units that have been used a couple of years and 
I know some chemicals do react more and corrosive is 
worse on them than other chemicals. I don't think it 
is uniform, so far as the action of the chemicals on 
the drums is concerned. However, we must continue as 
operators to keep our equipment as high as possible 
in the airplane. 


CHAIRMAN BURKE: That is very good. We might for 
the benefit of the record request that a report be 
given on research and development and actual statistics 
on corrosive paints or applications to off-set that 
which might be helpful on that problem. 


Anybody else have anything to say? 
VOICE: I think John, one thing we ought to 
on a little bit is a more efficient fan. Most of 


°. 
types of fans in use today have an efficiency of not 
over 30 to 0 percent. 
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Going back to removing your windshield, that would 
cause a lot of gripping. I think probably a better 
solution is to put a big air suction in the top and 
run a lot of air right in front of your pilot. 


If you take the wind shield out of your Cub, you 
would be taking about 10 horse power away from your 
motor. 


At Norfolk, Nebraska, three years ago we decided 
to get into the spraying business and after looking 
over some of these sprayers and the tank in the back 
seat, I decided a little different. I decided to de- 
sign a stainless steel tank. The tank itself will 
have an eight or nine pound drag which isn't much. 

It is something for you fellows to think about a 
little bit. 


CHAIRMAN BURKE: I want to count the hands of 
those that feel we should hawe more time for these 
problems. Those who think we have had enough time -- 
at this session to discuss our problems, raise your 
hand. 


Now those that feel we should have more time to 
discuss these two subjects, raise your hands. 


It is definitely an expression that we need more 
than the hour and 45 minutes, for our meeting next 
year. 


It is definitely an expression that we need more 
than the hour and 5 minutes, for our meeting next 
year. 


Is there anything else? 


ROY B. GRAY: I would just like to mention a word 
on the work our group is doing, that has to do with 
this question of weed control as well as insecticides, 
herbicides, and so forth. 


We have of course Mr. Hadden who is here with us 
and I would like to have him mention what he is doing 
at Toledo, Ohio, on route size straight pattern and 
that sort of thing. And at Forest Grove, we are coop- 
erating with entomologists in working out an applica- 
tion to control weevils in low growing crops and so 
forth. We find there of course we must go within four 
feet of the ground to do effective spraying and coop- 
erating also with the entomologists at Beltsville, 
Maryland, in controlling forest insects, we probably 
have to go 50 feet above the ground, so there is quite 
a difference in the requirements of your spray at var- 
ious elevations. 


Now it was mentioned a moment ago, something about 
corrosion and so forth. It happens that the Applica- 
tion Equipment Company of the Farm Equipment Insti- 
tute, is sponsoring and financing this year Jack But- 
ler to make those studies. I think Mr. Hadden can 
tell you a little more about it. 


I would also like to mention defoliates are being 
studied in cotton mechanization groups. We had a 
meeting at Chickasha, Oklahoma, a month or so ago 
where 11 or 12 states took part. 


MR. HADDEN: Our work at Toledo has not been di- 


. rectly with the weed control group. We are interested 


in pesticides which include insecticides and herbi- 
cides and the work that Mr. Gray mentioned about spray 
nozzles. That sort of equipment has to do with a 


project. that we are initiating and hope to go back a 
little further in the field experiments. What we are 
trying to do is set up a Laboratory investigation in 
which we can evaluate, actually evaluate the differ- 
ences in characteristics between tne different types 
of uozzles and once we have that sort of a basic thing 
established, then we hope to teke that to the field 
and coordinate that to the biological results we get 
in the field. Now if we can accomplish what we hope 
to do, then we will be able to arrive at some definite 
stetement on the matter of what type of nozzle you 
should use, if you want a certain size tc produce a 
given result, say in weed control, which is your pri- 
mary interest, or perhaps in the control of some 
specific insect or plant disease. 


That involves rather basic work. It is differ- 
ent than the thing which you take to the field and 
simply attempt to, without a basic knowledge of the 
nozzle characteristic, know its biological performance. 


The other project on corrosion that was mentioned 
is being handled by Mr. Jack Latter. This is a new 
thing which we just initiated this past summer and is 
an approach to this problem, but which at this stage 
is not to underteke a series of laboratcry or experi- 
mental results in any way. One reason for that being 
is, it is very difficult to produce in the laboratory 
the conditions which you meet in the field. You have 
so many different chemicals that are mixed together in 
a spray tank and so many different conditions of elec- 
trolysis and chemical reaction that it is almost impos- 
sible to forecast from a laboratory experiment what the 
result would be in a practical] application. His appro- 
ach has been to contact the various people in the in- 
dustry, the manufacturers, and the users and applica- 
tors of this equipment to find out what troubles they 
are having, and which materials are producing the most 
trouble, what materials are meeting satisfaction and 
particularly disastrous results with certain chemicals. 
When he has covered his field, then he expects to sum- 
marize this data and try to bring it to some point or 
some head where we can definitely say that certain ma- 
terials are not suitable or other materials can be used 
anc are suitable, and in some way we can arrive at a 
combination of materials in ccnstruction and applica- 
tion whereby this corrosion problem can be defeated. 


SUMMARY 


AERIAL SPRAYING & ENGINEERING PANEL 


John H. Burke 


Recognized by the panel to be the outstanding de- 
velopment of the past year was the treatment of some 
400,000 acres of mesquite by zirplane application of 
herbicides in the immediate vicinity of numerous plots 
of susceptible plants such as cotton. Under the close 
supervision of and under the direction of Mr. Charles 
Fisher of the Spur, Texas, Experimental Station, this 
enormous program was accomplished with only two claims 
of cotton damage and proves conclusively that the aer- 
ial application of herbicides can be safely and effec- 
tively accomplished even with adjoining susceptible 


crops, if the proper planning and supervision is strict- 
ly adhered to, . 


The panel recognized the importance of the USDA 
in the establishment of their Aircraft and Special 


Equipment Center at Oklahoma City, who are concentrat- 
ing their efforts towards obtaining the best possible 
use of equipment, standardization of dispersal appara- 
tus of aircraft and to make spraying by aircraft as 
safe as possible. 


The panel also recognized, as a very important ad- - 
junct to the progress of the aerial application of her- 
bicides, the formulation of the Aerial Applicators 
association comprising the principal aerial applica- 
tors in the 15 states lying between the Rocky Mountains 
and the Mississippi River - associated together for the 
purpose of creating and maintaining a professional code 
of ethics and high standards in operating techniques 
and their many business management affairs. This pro- 
vides other groups associated with the problems of con- 
trolling infestations of both productive and non-pro- 
ductive agricultural lands of a central media for con- 
sidering the aerial application problemsinwlved. 


Noticeable, in the past year, was the trend to 
light aircraft for the dispensing of agricultural chem- 
icals and an accelerated trend from dust to liquid forms 
of agricultural chemicals. 


Of particular interest also were several aircraft 
development and modification projects which should be 
completed within the next year, outstanding of which 
was the project of the Piper Aircraft Corporation, 
Lockhaven, Pennsylvania. Their efforts also included 
co-operation with the Ohio State Aviation Board's 
Piper Cub modification program which indicates con- 
siderable promise. 


Other noteworthy projects were the rib and wing 
structure of the Stearman airplane and the possibility 
of actual field work assignment of the USDA-CAA AG-1 
airplane. 


RESPONSES OF CORN TO 2,l-DICHLOROPHENOXYACETIC ACID 
Earl G. Rodgers 


Corn is one of the crop plants that has been exten- 
sively treated with 2,l)-D. The tolerance of this plant 
varies with varieties, with season and probably with 
weather conditions. Severe stalk brittleness often has 
been demonstrated after spraying at the 5 to 10 leaf 
stage and may result in serious stalk breakage if the 
field is cultivated or if high winds occur shortly 
after treatment. 


The primary purpose of this study was to determine 
the influence of 2,l)-D on stalk brittleness in corn. 
The influence of nitrogen fertilization on treated 
plants was observed. The second purpose was to deter- 
mine the relationship of 2,l-D treatments to seed 
viability and seedling vigor. A third purpose was to 
relate yield responses to stage of growth at time of 
treatment. 


Four corn strains, WF9, W22, WF9x0sh20, and W22x 
Mlk, were treated with triethylamine salt of 2,l-D 
under field conditions at Ames, Iowa, in 1950.- The 
chemical was applied from about one foot above plant 
tops with a special plot sprayer (6) at either one- 
half pound acid equivalent per acre, or one pound acid 
a per acre plus 0.25% Tide as a wetting agent, 


2,4-D treatments were made at weekly intervals on 
eight dates beginning at the 3-leaf stage and ending 
at early tassel. In addition to the number of leaves 
expanded on each treatment date, stage of growth was 
characterizec more completely by the green weight in 
grams per plant part after dissection. The growth 
pattern of the whole plant, as well as that of the 
individual parts, is represented by a typical sigmoid 
curve. After visible expansion of a leaf began, it 
reached a maximum weight and either decreased in weight 
and dropped from the plant, as did many of the older 
leaves, or maintained its approximate maximum weight 
throughout the remainder of the season. The stem, in 
particular, grew rapidly after the 8-leaf stage. The 
hybrids grew more rapidly and underwent tassel differ- 
entiation approximately one week earlier than the 
inbreads. 


At 2, 5, 11, and 16 days after each treatment, 
breakage tests were made on two consecutive stalks per 
plot by looping one end of a strong cord around the 
stalk and reading on a spring scale the force in pounds 
required to break the stalk. Attachment of the cord 
to the stalk was uniform for each date and varied from 
about two inches above the ground for plants treated 
at the earlier growth stages to approximately one foot 
at the later dates. 


The actual force required to break untreated plants 
was about 1.5 pounds for W22 and 3.0 for W22xMl) at the 
earliest treatment date, increasing rapidly to approxi- 
mately 75.0 pounds for W22 at the 1l0-leaf stage and to 
about 110.0 pounds for W22xMll at the 13-leaf stage. 
After these maxima were reached, the required forces 
remained at these approximate levels. 


The greatest brittleness followed treatment with 
the one-pound rate of 2,l;-D at the 6- and 6-leaf stages 
and also at the 10-leaf stage in W22. Reductions in 
the force required to break stalks of treated plants 
below 50% of that for checks were generally significant 
and are shown underlined in Table 1.* Brittleness 
following treatment with the one-half-pound rate was 


* See page 58 
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somewhat erratic, and was sever only in W22. 

Averages of all treatments suggest that most severe 
brittleness occurred 5 to 11 days after treatment 

at the 6- and 8-leaf stages, but had largely dis- 
appeared 18 days after spraying. Averages of all 
dates indicate that W22 is more susceptible than 
W22xMl), and that greater brittleness in both strains 
followed treatment with the heavier rate of 2,l-D. 
WF9 and WF9x0sh20 plants showed no marked brittleness 
at any time. 


Stalk breakage tests were made also at harvest 
time on W22 and W22xMll plants treated at the one- 
pound level. This weakness was greatest in plants 
treated at the 6- and 8-leaf stages. As you recall, 
treatment at these stages also resulted in the most 
severe brittleness during the growing season. Since 
stalk weakness at harvest was correlated with rapid 
internode elongation in the base of the stalk at 
time of treatment, the 2,l-D may have inhibited normal 
differentiation in these nodes. These observations 
suggest further that if differentiation was reduced 
during the period of rapid internode elongation, 
later differentiation did not repair the damage and 
the stalk remained weak. 


Shank breakage tests also were made on these 
same plants by looping one end of the cord around the 
shank at the base of the ear and pulling the scale 
with the stalk held in place. Significant reductions 
in strength were observed in W22xM1); plants treated 
at tassel emergence (16-leaf stage), while results of 
the 16-leaf stage treatment period only at these 
stages, and normal differentiation necessary for 
strength apparently was hindered, since reductions did 
not occur following treatment at any other time. The 
lack of shank weakness in W22 following treatment at 
the last growth stage is very probably associated with 
the slower growth of these plants, with the result 
that treatments were completed before rapid shank 
elongation began. 


Stalk brittleness following 2,l-D treatment is 
popularly associated with rate of growth of the plants. 
To determine the relative importance of rate of growth 
and stage of growth, breakage tests were made on W22x 
M14 plants grown on a fertile loam soil with anc 
without a split application of NH|,NO3, totaling 67 
pounds of N per acre. 


Fertilization had no effect on the breaking 
strength of untreated plants (Table 2)*even though 
the fertilized plants were some 25% larger, indicating 
faster gravth. The average breaking strength of 
treated, fertilized plants was 74.5% of the control, 
and of treated, unfertilized plants 62.5%. This dif- 
ference was not statistically significant. In con- 
trast, an analysis of variance showed a highly signi- 
ficant.effect of stage of plants when treated, with 
most striking reductions occurring in plants treated 
at the 6-leaf stage. The 6-leaf stage is the period 
of rapid growth of the basal internodes. Growth rates 
for entire plants are generally greater at the 15- 
leaf stage, but growth is then in the upper internodes 
which were not tested directly, but which do not 
normally show breakage in the field. The conclusion 
that growth rate has some effect but that growth stage 
is dominant seems to be required. 


Stalk breakage tests at harvest time showed that 
stalks of fertilized plants treated at the 6-, 10- and 
15-leaf stages were significantly weaker than unfertili- 
zed plants treated on the same dates. Reductions in 
the force required to break shanks were noted only on 
* See page 58 


Table 1. Force in percentage of check required to break plants after 
treatment with 2,4-D. 


Date of Days after w22 W22x14 
June 21 2 186.4 55.5 148.1 83.5 
(4 leaves) 5 81.1 107.8 108.4 91.8 
1 124.2 62.1 66.0 47.2 
18 79.6 94.3 79.1 
June 27 2 82.8 72.3 105.4 46.9 
(6 leaves) 5 94.5 54.9 82.8 . 
11 61.1 59.8 9.5 
18 66.6 111.6 
July 3 2 94.1 81.7 92.1 60.4 
(8 leaves) 5 83.4 49.1 74.3 39.2 
1 39.3 46.0 85.2 36.3 
18 
July 10 2 89.3 24.7 163.0 94.3 
(10 leaves) 5 67.5 " 132.8 107.6 
11 79.3 106.6 97.1 94.9 
1s 56.2 82.2 136.6 77.1 


*Plus 0.25% Tide. 


Table 2. Force required to break W22xMl4 corn plants after treatment 
With one-half pound of 2,4-D } 


of 2.4-D a lus 0.25% Ti 
Unfertilized ertilized 
Date of Days after Check ted Check Treated Avg. 
Tune 21 2 10.7 71.5 11.6 71.6 71.5 
(6 leaves) 5 14.7 101.8 23.3 47.3 74.5 
1l 26.4 69.7 31.4 “30.8 45.2 
18 28.0 28.0 25.1 Brie = 
July 4 2 35.4 112.4 42.4 85.3 98.8 
(10 leaves) 5 28.0 34.7 25.1 96.8 65.7 
ll 56.8 76.0 44.9 105.6 90.8 
1s 63.5 99.3 60.5 69.3 84.3 
July 17 2 45.0 89.9 63.6 70.3 80.1 
(15 leaves) 5 63.5 83.6 60.5 98.8 91.2 
ll 84.2 106.1 67.6 69.8 87.9 
1s 81.4 110.5 90.5 93.4 101.9 
July 31 2 51.5 69.5 58.7 37.3 53.4 
(19 leaves) 5 61.4 109.7 90.5 333 101.5 
ll 103.5 82.7 87.8 92.3 87.5 
1s 95.6 75.2 86.1 89.1 82.1 
Average ee 54.3 82.5 54.3 74.5 @eooeoe 
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plants treated at tassel emergence, with slightly 
greater reductions being shown by fertilized plants. 


Considerable stalk bending, brace root abnormalities, 
and leaf rolling resulted from 2,li\-D applied to W22 
and W22xMl) plants in the 6- to ll-leaf stages. Most 
severe stalk bending occurred in nodes near the ground 
level within 2 to 5 days after treatment with the one- 
pound rate, but had largely disappeared after about 
two weeks. Brace root fascination and other abnormal- 
ities (3) were common at these lower nodes. Marked 
rolling was shown by leaves undergoing expanison at 
these treatment stages. Fertilized W22xM1) plants 
developed these conditions in about the same severity 
as unfertilized plants, while WF9 and WF9x0sl20 plants 
were practically free of such morphological abnormal- 
ities. 


The viability of seed and vigor of the subsequent seed- 
lings were tested from self-pollinated plants of the 
four treated strains. Viability was determined by 
germination tests and vigor by green weight of seedlings. 


Reductions in viability were noted from 2,},-D 
applied at the 4-pound level only in seed from W22 
plants treated at the 18-leaf stage. Reduced viability 
of W22 seed followed treatment with the one-pound rate 
(Table 3) at practically all stages, particularly the 
18- and 16-leaf stages. Viability of W22xM1L, seed 
was reduced only by treatment at the 18-leaf stage 
(tassel-emergence). No marked reductions occurred in 
either WF9 or WF9x0sl20. 


Reduction in seedling vigor by the 4-pound rate 
was evident also onlv in W22 treated at the 18-leaf 


Table 3. Average number of seedlings produced by 40 seeds from self- 
pollinated corn plants treated with one pound per acre of 


2,4-D plus Tide. 


Date of Strain 

June 21 (4 leaves) 40 36 39 39 
June 27 (6 leaves) 39 30* 38 39 
July 3 (8 leaves) 39 33 38 39 
July 10 (11 leaves) 39 4 37 39 
July 17 (13 leaves) 39 35 39 39 
July 24 (16 leaves) 40 29* 39 39 
July 31 (18 leaves) 39 28** 39 36** 
Average of treatments 39 32** 38 39 
Checks 39 37 38 39 


*Reduction significant at 5% level. 
**Reduction significant at 1% level. 


A number of slides were prepared of the sixth node 
of W22 plants at varying periods after treatment at 
the 8-leaf stage. Hemalum was used, with safranin as 
a counterstain. No consistent differences could be 
observed in the pith or bundle cells of the plate 
region as a result of treatment, with the possible 
exception that cells of the treated plants tended 
to stain more heavily, suggesting a higher protoplasm 
content. 


The marked stimulation of brace roots by 2,li-D 
treatments tended to result in the disruption of the 
hypodermis and the formation of a more-or-less con- 
timous ring of maeristic cells around the nodes in 
which brittleness developed. Rapid stimulation of 
meristematic activity followed application of the 
chemical as evidenced by small breaks in the hypoder- 
mal region after 2 days; more pronounced and severe 
developments were apparent after lldays. Very 
possibly this stimlation of meristematic activity 
in the brace root regions with a consequent disrup- 
tion of the structurally important hypodermis and 
rind (2) is the major cause of brittleness. This 
hypothesis fits well with the observation that break- 
age occurs most commonly just above the nodal plate 
in the region of brace root formation. It is further 
suggested by the fact that the resistant strains showed 
little or no brace root response and little or no 
increase in brittleness. 
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stage. The one-pound rate, however, (Table ) resulted 
in significant reductions in W22 vigor only at the 8- 
leaf stage. Vigor of W22xMl was reduced most by treat- 
ment at early tassel. Slight reductions in WF9x0s)20 
were evident from the late growing period treatments, 
but WF9 showed reductions from most of the treatments. 


Seedling vigor responses are thus shown to be 
sharply contrasted to losses of viability. Similar 
results were considered by Rossman and Staniforth (i) 
to indicate reactions within susceptible plants which 
result in the destruction of the 2,4-D molecule. These 
reactions are assumed to be associated with formative 
effects on the vegetative or embryonic plants, but no 
2,4-D is left to slow the growth of surviving embryos. 
In resistant plants, in contract, the 2,l-D molecule 
may be translocated and stored in the seed where it 
reduces seedling vigor, but is not sufficiently concen- 
trated to affect viability. 


Yields in pounds of shelled corn per plot were 
obtained. The one-half pound per acre rate produced 
Significantly lower yields only in WF9x0sl20 and W22xMl, 
plants treated at the l- and 6-leaf stages. Slight 
reductions, however, were noted in W22 and W22xM1) 
treated at the 18-leaf stage. 


Yields were reduced in all strains by treatment 
at the one-pound rate. Slight reductions occurred in 
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Table 4. Average weight in centigrams per seedling produced by seed 
from self-pollinated corn plants treated with one pound per 


g 
gugaers 


WF9 treated at all stages, but greatest effects were 
obtained at the 8-leaf stage. Drastic reductions in 
W22 resulted from treatment at the 18-leaf stage, while 
less severe effects followed treatment at all other 
stages. In WF9x0sl20, yield was reduced by treatment 
at the 6- and 8-leaf stages. A severe reduction 
resulted from treatment of W22xMl, at the 16-leaf stage, 
while a smaller one occurred after the 16-leaf stage 
treatment. The two groups of varieties are thus shown 
to differ in yield responses. Yields of the "resistant" 
WF9 and WF9x0sl20 were significantly reduced by early 
treatments with no marked reactions to late treatments, 
while the "susceptible" varieties were affected mainly 
by the late treatments. 


These results, like those of Staniforth (5) with 
corn and Derscheid (1) with barley, suggest that the 
early responses were caused by interference with ear- 
shoot development in its embryonic stages, while later 
yield reductions were due to reactions within the 
embryo sac which lead to failures in grain development. 
The failure of early sprays to reduce yeilds in the so- 
called susceptible strains may have been due to a more 
rapid destruction of the c hemical in reactions which 
gave rise to the vegetative responses shown by these 
lines. 


Nitrogen fertilizer as applied to W22xMl\ caused 
no difference in yield reductions caused by the chemi- 
cal. Severely reduced yields followed treatment at 
the tassel-emreging stage, and a slight reduction at 
the 15-leaf stage. Although the actual poundage pro- 
duced by fertilized plants was slightly larger,suscep- 
tibility in the late growing period was equally severe 
in unfertilized and fertilized plants, supporting fur- 
ther the hypothesis formed earlier that growth stage 
is dominant to growth rate in determination of response. 


Interference with normal grain development was 
evident in W22 and W22xMl,. These strains, particularly 
the inbread, produced ears without grains at the base 
after treatment at the lS-leaf stage. This type of 
response was observed in W22 after treatment with the 
heavier rate at the l6-leaf stage also. The only 
visible influence of 2,4-D on WF9x0sl20 ears was more 
spars: ly located grains at the base of ears produced 
by plants treated with the one-pound rate at tassel 
emergence. No differences were noted in size or shape 
of WF9 ears from treated plants. 

This study demonstrated that: 

1. W22 and W22xM1, were considerably more suscept- 
ible to 2,l4-D than WF9 and WF9x0sl20. 


2. Stalk brittleness was severe only in W22 and 
W22xM1, plants treated at the 6- to ll-leaf stages. 


Brittleness in general was well developed 2 days after 
treatment 
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Brittleness in general was well developed 2 days 
after treatment, considerably greater at 5 and 11 
days, and had largely disappeared 16 days after 
spraying. 


3. <A stimlative effect on brace root forma- 
tion and a resulting interference with the develop- 
ment of the hypodermis were associated with and pos- 
sibly a cause of stalk brittleness in treated plants. 
Breakage occurred normally in the region of brace 
root formation just above the sixth or an adjacent 
node, 


4. Weak stalks at harvest were found in W22xMl) 
and particularly in W22 plants treated at the 6- to 
ll-leaf stages. 


5. Weak shanks at harvest were found in W22xM1) 
plants treated at the 16- and 16-leaf stages when 
rapid shank elongation occurred. 


6. Viability was reduced in seed from self- 
pollinated W22 and W22xM1 plants treated at the early 
tassel stage. 


7. Vigor of seedlings from seed produced by 
self-pollinated plants was, in general, most seriously 
affected by treatment at the early tassel stage, but 
decreased vigor in WF9 was evident from the one-pouni 
treatment at practically all stages. 


8. Yields were most severely reduced by treat- 
ment at the 18-leaf (tassel emergence) stage, parti- 
cularly in W22 and W22xMli. Poor grain development 
at the base of the ears was directly related to these 
reductions. 


It may be concluded from the results of this 
investigation that applications of 2,l-D for weed 
control in corn should be made before the 6-leaf 
stage or between the ll- and l6-leaf stages to cause 
a minimum amount of injury to the corn crop. 
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THE EFFECTS OF 2,4-D ON BARLEY AND OATS 


AT DIFFERENT STAGES OF GROWTH 


George Friesen and P. J. Olson 


Barley is highly susceptible to damage from 2,4-D 

during two periods in its life history. The first is 
an early seedling period extending from shortly after 
emergence until the plants are about 5 inches tall 
(general field level) and are in the early three leaf 
stage. This, under average northern conditions, 
covers a period of 10 or 11 days after emergence. The 
second susceptible period begins when the plants are 
well advanced into the boot stage, 12 to 1h days 
before heading, and continues until just before spike 
emergence. Between these two periods and following 
the last one barley is generally highly resistant. 


In oats the picture is strikingly different. In 
this crop the most susceptible stages occur within the 
first period of resistance in barley, that is from 
about the | leaf stage, when the plants are about 6 
inches tall, and contiming until about 12 inches 
tall, or early boot stage. 


In an effort to determine why damage occurs when 
barley is treated with 2,li-D at the stages named a 
study was carried out in the greenhouse in which 
individual plants were studied carefully with regard, 
(a) to the incidence of various types of abnormalities 
following treatment at tne different stages, (b) the 
stage of development of the growing point as determined 
by dissection and micro-study at each treatment date. 
The observations under "a" were made separately on the 


main culm and tillers. Yields were determined separately 


for the main culms and tillers. Each plant, for the 
most part, had one tiller that produced a mature spike. 
The plants were grown in 6" pots, and there were three 
plants in each pot. There were six replicates of each 
treatment. 


A corresponding study involving oats is under way 
at the present time. 


Results of the barley study. 


The pots that were treated just before emergence 
produced culms and tillers that were normal in all 
respects. Those that were treated 1,2,3, and days 
after emergence showed leaf deformities on all or 
nearly all of the plants. The most conspicuous of 
these were tubular or onion-like leaves; other showed 
fusion of two leaves, The spikes emerged with dif- 
ficulty from many of these leaves, and many were 
completely sterile. The tillers produced in all of 
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these pots were normal in all respects. The growing 
point during this period was showing only leaf 
initials, and the more acvanced plants were showing 
tiller primordia. 


Beginning with the pots treated days after 
emergence, spike abnormalities began to appear on 
the main culms. They appeared in greatly increased 
numbers following the next treatment, and in those 
treated 6, 7 and § days after emergence all the main 
culms showed spike abnormalities. These consisted of 
branched spikes, supernumerary spikelets, tweaking 
(elongated internodes and opposite spikelets) twisted 
and twinned kernels etc. The last of these deformities 
appeared in the pots treated ll days after emergence. 
The first visible evidence of spike differentiation 
appeared 7 days after emergence. From here on spike 
differentiation became clear. 


In the meantime leaf deformities began to appear 
on the tillers. Their appearance on the tillers, there- 
fore, coincided with their disappearance on the main 
culms. The tillers began to show spike deformities 
in the pots treated 8 days after emergence. 


After the 10th treatment, the interval between 
treatments was extended to 2 days instead of one. The 
pots receiving the 12th, 13th, lyth and 15th treatments 
produced main culms that were normal in all respects. 
During this period the plants advanced from a height 
of 13 inches (stretched) to 18 inches. By this time 
the spike was one inch above the ground level and 
lemmae and anthers were beginning to from. The tillers 
on the pots treated at this stage were normal. 


Beginning with the 16th treatment some sterility 
was induced in the main cuJms. This increased, becom- 
ing complete or practically so in the pots receiving 
the 18th treatment and continuing so through the 23rd 
treatment which was applied days before heading. The 
tillers remained normal. From the 24th treatment, 
applied 2 days before full heading through the final 
or 32nd treatment no sterility was induced in the main 
During this period the treatments caused a high degree 
of sterility in the tillers. 


Effect of the Treatments on Yields 


In order to relate the yields to the internal 
development of the growing point at the tire of treat- 
ment and to the visible abnormalities and sterility 
induced by the treatments, separate harvests were made 
of main culms and tillers. 


Sharp yield reduction in the main culms took 
Place as a result of the treatments applied during 
about a 4 day period after emergence. This was during 
the single leaf stage and corresponded to the period 
when leaf abnormalities were being caused. Difficulty 
in spike emergence resulted from these treatments and 
much sterility was apparent in these spikes. Some 
reduction also took place following the treatments 
applied during the 5th to 8th days after emergence, 
extending over the 2 into the 3 leaf stage, a period 
during which spike abnormaJitieswere induced. The 
greatest yield reduction in the tillers took place 
in the pots treated during this latter period. Evidently 
the tillers were in the same stage of development during 


this period as the main culms were during the preceding 
one. 


The greatest yield reduction in the main culms 
took place in the pots treated 12 to 6 days before 


heading. This was the period during which virtually 
complete sterility was induced in the spikes pro- 
duced on the main culm. Reduction in yield of tillers 
occurred over a period of several days immediately 
following corresponding to a very high degree of 
sterility in the tillers. Actually the reduction 

in yield of tiller produced grain was slight. Even 
though the percentage sterility was high, for some 
reason the spikes produced on the tillers were lon- 
ger than those on the untreated checks, so that the 
net number of kernels produced was as great or greater 
than in the checks. 


When the combined yields of main culms and til- 
lers were determined it was found that the greatest 
reduction took place in the pots treated from the 
Sth to 8th days after emergence, corresponding 
exactly with the period of greatest reduction in 
tiller yield. The reduction at the rate preheading 
stages was somewhat less in degree, and corresponded 
with the period of greatest reduction in main culm 
yields. 


Applying these results to field conditions, the 
degree of yield reduction and the range of periods 
of yield reduction would depend upon the extent to 
which environment influerced tiller production. If 
conditions were unfavourable for tiller development, 
so that most plants consisted of single main culms, 
sharp yield reduction would be expected as a result 
of treatment soon after emergence, md some reduction 
by later treatments during the 2-leaf and early three 
leaf stages. If, on the other hand conditions 
favored tiller development, there might be little or 
no reduction resulting from the earlier treatments 
in the single leaf stage, because the tiller yields 
would offset the damage caused to the main culm 
There would be a sharp yield reduction from-treat- 
ments applied in the 2- and early 3-leaf stages because 
the damage here would be a combination of the lesser 
main culm damage and the severe tiller damage. 


The reduction in the preheading stages would be 
very sharp if there were little or no tiller develop- 
ment, and would probably be greater than the seedling 
stage reduction because of the very high degree of 
sterility induced by treatments at these stages. 
Favorable conditions for tillering would reduce the 
damage during this period and might extend its range. 
Actually damage in the field has usually taken place 
during preheading stages. This may be due to diffi- 
culty in distinguishing between the tiller spikes and 
main'culm spikes at this time. 


THE SEASONAL DEVELOPMENT OF JOHNSON GRASS PLANTS 


Edwin RB. Oyer, G. A. Gries, and 0. C. Lee 


The seasonal development of Johnson grass was 
studied critically under Indiana conditions. This 
investigation was planned to aid in the interpreta- 
tion of our experiments on the control of this weed. 
It was further hoped that the findings might be use- 
ful in explaining some of the conflicting results 
reportec from control experiments conducted in dif- 
ferent geographical areas. Since Johnson grass 
propagates by seed and by rhizomes, the elimination 
of both of these structures is necessary for com 
plete control. Therefore, the morphological develop- 
ment of both seedlings and plants developing from 
old rhizomes was followed, In the preliminary experi- 
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ments, emphasis was placed on the development of plants 
from seed during their first growing season. 


The plants observed in this investigation were 
started in the greenhouse from seed and dormant 
rhizomes and then transplanted in a nursery when at 
the 3- to 5- leaf stage. Since rhizome development 
seems to be more closely correlated to top growth 
than to the time from seeding, the growth stage is 
a better criterion of relative plant development. 


Rhizomes were first observed on seedling plants 
in the 7-leaf stage (50 days after planting). Plants - 
may produce from one to several rhizomes from axillary 
buds on the stem below the soil surface. The first 
node above the coleoptilar node consistently produces 
a rhizome but the development of the buds at the other 
subterranean nodes is more variable. There is no 
apparent relation between the position of the node on 
the stem and the direction in which the rhizome will 
grow from it. For example, a rhizome which develops 
from the second node above the coleoptilar node may 
grow upward and produce an aerial stem while a rhizome 
originating from the fourth node above the coleoptilar 
node may grow downward and remain a rhizome, A moderate 
amount of rhizome development was observed when the 
plants were in the boot stage (66 days after planting). 
Small branches were developing from axillary buds on 
the older rhizomes at this time. This growth from 
axillary buds accounts for the branching pattern of the 
rhizome system and for the large number of aerial stems 
observed on a mature plant. 


Seedling plants were collected at two week inter- 
vals beginning at the time the plants were in the 
boot stage (July 21). The dry weights of the tops and 
rhizomes are shown in figure 1 (next page). The total 
growth of rhizomes increased greatly from the time 
the plant was in the boot stage until the seedheads 
expanded and the seed was in the dough stage. The 
growth of rhizomes continued and reached a near maxi- 
mum value when the seeds were beginning to mature. 
There was no further increase in the dry weight of the 
rhizomes from this time until the end of the growing 
season even though the tops remained green and were 
presumably producing carbohydrates during this period. 


The dry weight of the tops reached a maximum value 
when the plants were headed and the seed was in the 
dough stage. After this time the tops decreased in 
dry weight until the end of the growing season. This 
loss in dry weight is presumably due to the loss of 
the lower leaves, shattering of the seedhead, and 
translocation of carbohydrates to the rhizomes. 


The ratio of top weight to rhimme weight decreased 
rapidly with the development of the plants. At the 
beginning of the collection period, (July 21) the 
ratio was approximately 7.5 and it decreased to about 
3.0 at the time of maximum top growth. This indicates 
that the increase in the growth of rhizomes was even 
greater than that of the tops during this period. The 
ratio continued to diminish after this time and was 
near unity at the end of the season. 


The seasonal development of plants propagated by 
rhizomes seems to be similar to that of plants propa- 
gated from seed except that the development of new 
rhizomes may begin at an earlier growth stage in the 
former. Regrowth may originate from either the terminal 
or axillary buds of the rhizomes which were produced 
during the previous year. Here again, there appears 
to be no relation between the position of the node on 
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Dry weight of the tops and rhizomes of Johnson grass seediings 


Figure l. 


over a ll week collection period. 


rage weight of five piants. 
ted by the curve superimposed upon the bars. 


on the old rhizome and the direction in which the new 
rhizome produced from the node will grow. A great 
number of rhizomes and many aerial stems may be produced 
during the growing season as the result of regrowth 
from one bud on an old rhizome. This fact indicates 

the necessity of complete kill of the rhizomes in the 
soil before eradication of Johnson grass can be attaine, 


If the crown of a plant is covered with soil to 
simulate some types of cultivation, a new crown will 
be formed at the soil surface and rhizomes may be pro- 
duced from any node below it. The crown of the plant 
is characterized by the formation of adventitious (or 
crown) roots from the intercalary meristem at the base 
of internodes which are at or near the soil surface. 

If a portion of the stem above this newly formed crow 
is covered with soil, another crown is formed and nodes 
on this buried crown may also produce rhizomes. In our 
experiments, we have noted as many as three successive 
crowns on a single stem. Sizable rhizomes were produced 
from nodes at the buried crown in less than one month. 


The samples of tops and rhizomes collected for this 
study were analyzed for several carbohydrate fractions. 
A detailed discussion fo the results of these analyses 
amd their significance will be published elsewhere. The 
total carbohydrate content of rhizome tissue was several 
times higher than that of the tops, and continued to 
increase during the growing season. In contrast the 
percentage of: carbohydrate in the top tissue decreased 
during the season. 


Each bar represents the ave- 
The top/rhizome ratio is represen- 


CORN SEEDLING RESPONSE TO 2,4-D AS AFFECTED 
BY CERTAIN NUTRIENT SALTS AND ORGANIC METAB 


J. R. Hansen and K. P. Buchholtz 


In this study an attempt to counteract or alter the 
action of 2,l-D was made, with the assumption that 
this highly active material is able to upset plant 
metabolism in some rather specific manner, It may be 
a specific poison, attacking a metabolic cycle or pro- 
cess at a certain point. If this is the situation, 
the addition of certain plant metabolites reqired 
beyond that point may alleviate, at least in part, the 
toxic effects. There is also a definite possiblity 
that the hormone type herbicide is toxic only because 
it is an extremely active growth substance closely ~ 
akin to and taking part in the same mechanisms as the 
naturally occurring plant auxins. The extreme activity 
of 2,4-D may occur because it does not fit into the 
system of controls that affect the action of natural 
auxins in the plant. If this is the case, any material 
effecting a reversal of toxicity may in some way aid 
in controlling the activity of this growth substance. 
Also, the auxin excess may influence metabolism in 
some specific manner so that a deficiency of certain. 
metabolites may result. 


Methods and Materiels 


Seedlings of Wisconsin Hybrid 595 were allowed to 
germinate ani grow for 7 days in presence of 2,4-D 


and the various metabolites. Solutions of the desired 
concentration of the nutrient salt or metabolite were 
made up in 1 per cent agar. Fifteen ml. of the media 
were placed in each of ten 8 inch test tubes which were 
plugged and autoclaved. If the metabolite was heat 
labile it was added to the agar or agar and 2,li-D solu- 
tions after autoclaving. After the agar had congealed, 
one surface sterilized seed was placed on the agar in 
each tube, and all seeds were alllowed to germinate and 
grow at room temperature, which ranged between 2° and 
28° C. Seedlings were grown in darkness except in one 
experiment involving riboflavin. 


The concentrations of 2,4-D were set somewhat 
arbitrarily. With corn, concentrations above 5 ppm 
caused severe inhibition, while below 1 ppm there was 
considerable variability in a ten plant sample. The 
sodium salt of 2,l-D was used in allexperiments. For 
each material except riboflavin, nine sets of ten tubes 
were made up as follows: 

(1) agar only, (2) and (3) agar with 1 and 5 ppm 2,h-D. 
(4) and (5) the test material at two concentrations, 

and (6), (7), (8) and (9) combinations of two concentra- 
tions of both 2,l-D and both test material concentrations. 
In the initial experiment with riboflavin the 5 ppm level 
of 2,4-D was omitted, but the six remaining treatments 
were duplicated. One series was illuminated against 

a white background with two 100 watt bulbs, while the 
other was allowed to grow in darkness. 


Test materials included ammonium sulfate, votassium 
nitrate, potassium phosphate, glucose, scrose, pot- 
assium he-xose-ci-phosphate, sodium glycerolphospaht, 
potassium pyruvate, potassium citrate, potassium alpha 
keto glutarate, potassium malate, ascorbic acid in 
phosphate buffer, potassium glutamate, potassium aspar- 
tate, adenine sulfate, anc riboflavin. Allacid mater- 
ials were adjusted to pH 7. 


After the 7 cay growth period, seedlings were 
removed fron the tubes. Lengths of the primary roots 
and shoots were measured. Roots and shoots of 
individual plants were weighed fresh, and dry weights 
of all roots and shoots for each treatment were 
determined on the bulked. sample. 


Where no interaction between the herbicide and material 
tested was discernable, the same stimulation, inhibi- 
tion, or negative response could be observed by com- 
parison of 2,l-D and test material treated samples with 
the corresponding 2,l-D and test material treated 
samples with the corresponding 2,l:-D check. The res- 
ponse of seedlings to 2,l-D in the absence of other 
materials consisted of reduction in length of roots 

and shoots and reduction in total weight of roots and 
shoots, but an increase in percentage dry weight of 
both roots and shoots. 


Of the materials tested, ammonium sulfate, glycerol- 
phosphate, adenine sulfate, and riboflavin somewhat 
altered the response of corn seedlings to 2,l-D. Table 
I illustrates results with the first three of these 
materials. Ammonium sulfate in the absence of 2,l)-D 
was inhibitory to the seedlings, especially to root 
growth. The ammonium ions in connection with low pH 
created in the media was ,.probably responsible for 
reduced seedling growth. In the presence of 2,l-D, 


ammonium sulfate improved root growth. Both root length 
and root weight were increased over corresponding 


checks at 1 and 5 ppm 2,l-D, and root weights were 
greater than those not receiving 2,l-D. In spite 

of improved root growth, ammonium toxicity to 

shoots was evident in 2,l-D treated seedlings. The 
ammonium toxicity was overcome by the addition of a 
phosphate buffer to the agar medium in another 
experiment, but improved root growth of 2,li-D treated 
seedlings with ammonium sulfate was still evident. 


The response, although consistent in work with agar 
media, could not be confirmed by nutrient sand culture 
experiments. Two nitrogen sources,one nitrate with only 
and one with nitrate and ammonium nitrogen in equal 
amounts with regards to nitrogen, were employed in 
complete nutrient colutions. The experiments involved 
the growth of young corn plants treated with 2,))-D 
in the nutrient solutions for different period of 
time and at different nitrogen levels. The data from 
the nutrient culture experiments were examined critic- 
ally by analysis of variance. Although results of 
these experiments were uniform as the coefficients of 
variability, 6.3 and 7.6, would indicate, no relation- 


Table 1. Growth of corn seedlings on ager media showing alteration of 2,4-D response by 
ammonium sulfate, glycerolphosphate and adenine sulfate. 
2,4-D concentration 
: Concen- : ppm 5 
Material : tration : Root :Dry Top: Root :Dry wt.: Top : Root :Dry Top 
: tlength : roots :length :length : roots : length :length : roots :length 
Ammonium 0.0 21.4 055 15.2 3.9 2037 8.6 1.3 032 6.0 
sulfate 0.010M 11.8 -034 10.5 5.3 044 5.1 2.9 046 4.2 
0.002 M 12.6 -0O33 14.6 4.4 052 6.2 2.5 051 4.6 
Glycerol- 0.0 12.9 -032 15.9 3.2 2020 6.5 0.9 016 5.3 
phosphate 0.010 M 13.7 «12.5 5.5 022 «88 8 2.9 6.3 
0.002 M 16.0 =14.6 4.1 026 9.9 1.5 5.1 
Adenine 0.0 23.5 2046 17.2 2.8 033 9.2 1.5 028 5.4 
sulfate 0.0010 M 20.3 -O53 16.9 5.1 -043 13.9 2.1 .033 6.1 
0.0002 M 21.8 -050 18.0 3.5 041 9.7 1.5 037 5.5 


Experimental Results ship could be detected between nitrogen source and 


2,u-D toxicity. 
The concentrations of the test materials employed 


were often such that they were slightly stimulatory 


Table I illustrates an increase in root and shoot 
or inhibitory to the seedlings in the absence of 2 ,li-D. 


length by glycerolphosphate of seedlings growing in 


1 ppm 2,4-D. 


Improvement in growth was manifest by 


increased root and shoot length but not by increased 


root weight. 


A comparison is made between 2 ,l-D 


treated plants with phosphate and glycerolphosphate 


buffers in Table 2. 


In the initial experiment considerable improvement in 
root and top growth in 1 ppm 2,li-D was promoted by aden- 
ine sulfate at 0.001 molar (Table 1). The effect was less 
pronounced at 5 ppm. The results of a more complete test 
are given in Table 3, where adenine sulfate concentra- 
tions of 0.002, 0.001, and 0.0005 molar were used in con- 
nection with 2,l4-D at 0, 0.5, 1, and 2 ppm. ‘rhe highest 


Table 2. Growth of corn seedlings on agar media containing glycerol- 
phosphate and phosphate buffers at different levels of 2,4-D 
treatment 

Glycerol- : Phosphate : Root : Top =: Root : Top 
phosphate : buffer : length : length : length : length 
gone. _om, _*__om. _cm. __om. 

O ppm 2,4-D 0.5 ppm 2,4-D 
0 21.5 17.0 12.3 
te) 0.010 M 23.2 17.5 4.8 10.2 
0.020 M 9) 17.3 14.3 7.5 9.4 
0.010 M 0 19.6 15.6 7.0 10.3 
0.002 M 0 20.6 17.6 7.0 13.2 

20 2 2.0 2,4-D 
0 0.010 M 3.3 7.9 2.4 6.2 
0.020 M 4.0 7.3 3.0 7.8 
0.010 M te) 4.0 10.3 2.6 7.2 
0.002 M 0 4.1 10.4 3.0 9.7 


After the 7 day growth period the pH levels of the 
agar media had lowered somewhat from the initial 6.0. 
The phosphate treatments were slightly more acid than 


the glycerolphosphate. 


Growth improvement in 


treated plants with glycerolphosphate was small, but 
consistent, while the phosphate buffer had no effect. 


concentration of adenine was strongly inhibitory to seed- 
ling growtn, but 2,l-D at 0.5 and I ppm partially offset 
toxicity of the adenine. Lower concentrations of the ade- 
nine increased seediing growth over all levels of 2,4-D 
with an optimum balance at 0.001 molar adenine and i 
2,4-D or 0.0005 molar adenine and 0.5 ppm 2,l-D. Growt 
improvement consisted of increased length and weight of 
seedling roots snd shoots. 


The data suggest mutual an- 


Table 3. Growth of corn seedlings after one week on agar media con- 
taining adenine sulfate at different levels of 2,4-D treatment. 

: Root: Top Root Top 

Adenine : length : length $ length 3 length 
concentration : cm. $ cm. $ on. $ om. 
O ppm 2,4-D 0.5 ppm 2,4-D 
0 19.9 16.9 5.6 11.6 
0.0020 M 5.8 7.8 5.5 11.4 
0.0010 M 15.1 13.2 6.2 11.6 
0.0005 M 21.0 16.7 6.9 12.6 
1.0 ppm 2,4-d 2.0 ppm 2,4-D 
i) 3.1 7.9 2.0 7.8 
0.0020 M 3.8 8.7 3.0 5.4 
0.0010 M 4.0 10.0 3.4 7.7 
0.0005 M 3.5 9.5 3.1 7.6 


However, further experiments indicated that glycerol- 
phosphate was ineffective at low pH levels such as pH 
5.5, or lower, and phosphate buffer gave some improve- 
ment when the initial pH was high, such as pH 8.0. 
was not established that the glycerolphosphate effect 


was other than its ability to control pH at a level 


where 2,l-D intake would be reduced. 


It 


tagonism between 2,li-D and adenine sulfate. The response 
to adenine sulfate was similar whether the metabolite was 
added prior to or after autoclaving. 


There was a detectable rovement in growth of illumi- 
nated seedlings on ribofla and 2,4-D containing media 
as compared to the correspond plants not receiving ri- 
bofiavin. ‘there was also a slight but less noticeable im- 
provement in non-illuminated plants. ‘his was not consid- 
ered to be siguificant since riboflavin improved growth 


| 


of seedlings in the absence of 2,l-D. Further experi- 
ments showed that 2,l-D was inactivated by riboflavin 
in light. One such experiment is summarized in Table 
4. Solutions containing no riboflavin or concentra- 
tions of 0.0001, 0.0010 and 0.0020 molar were made up 
in all combinations with 1, 5, and 10 ppm 2,l-D. One 
series was illuminated for 96 hours while a duplicate 
series was stored in a dark cabinet. At the end of 
this period corn seeds were germinated in darkness in 
all solutions, and the lengths of primary roots of the 
seedlings at 72 hours were used as a relative measure 
of toxicity. As the data clearly indicate, 2,l-D 
activity was effectively reduced or eliminated in 
solutions illuminated with riboflavin. 


Ammonium sulfate improved root growth only. 
Adenine sulfate and glycerolphosphate improved both 
root and shoot growth of 2,l-D treated seedlings, while 
their effects on untreated seedlings were negligible or 
inhibitory. Adenine sulfate was toxic to seedlings at 
relatively low concentrations as compared to other met- 
abolites. Where this material was supplied in toxic 
concentrations, 2,l-D prevented in part the adenine 
toxicity. This mutual antagonism was perhaps the most 
specific relationship noted in this investigation. If 
the effect of glycerolphosphate was other than the con- 
trol of 2,4-D intake as a result of buffering action, 
partial reversal by both glycerolphosphate and adenine 
sulfate would suggest that 2,l.-D acts most specifically 


Table 4. Root length of corn seedlings germinated in riboflavin and 
2,4-D solutions illuminated or stored in darkness for 96 hours. 


"Ribot leavin 2,4-D Light Root Length 

ppm om. 
1 2.9 
- 10 # 1.7 
« 1 - 2.7 
inn 5 - 1.7 
= 10 = 1.5 

1 5.2* 
5 5.1 
10 4.7 
1 2.7 
# 5 baad 1.9 
# 10 - 1.5 


* means for three concentrations of riboflavin 


For complete breakdown of the herbicide, it was 
necessary for riboflavin to be in greater molar con- 
centration than the 2,l4-D. One of the breakcown pro- 
ducts was probably 2,4-dichlorophenol since bromine 
would substitute in the remaining ortho position in 
the phenol ring at room temperature. A cuantitative 
reaction could be measured between bromine, substitu- 
ting in the remaining position in the phenol ring, and 
a theoretical amount of phenol calculated from the 
original 2,4-D. 


Dicsussion 


The selection of the metabolites was somewhat 
arbitrary, but several representatives of important 
classes of ~etabolically active compounds were included 
The use of adenine sulfate was sugrested by work of 
Skoog anc Tsui (2) and Skoog (3) because of its ability 
to offset bud inhibition by indoleacetic and naphtha- 
leneacetic acids. 


Of the materials examined, ammonium sulfate, 
adenine sulfate, glycerolphosphate, and riboflavin 
prevented toxicity in varying degrees. While it was 
proven that 2,4-D could be inactivated in vitro by 
riboflavin in light, it would also seem that ribo- 
flavin could aid the plant in neutralizing 2,l4-D 
toxicity, particularly in sunlight. The interaction 
of these two materials in the plant might have further 
physiological significance. The reversal or prevention 
of toxicity by other materials was only partial at 
best. Complete reversal, if possible with these mater- 
ials, would have necessitated working with much lower 
concentrations. The use of a more sensitive seedling 
was also suggested, 


on some system involving phosphorylation. 


While many chemical and physiological similarities 
of 2,4-D and natural plant auxins are recognized, two 
additional similarities are suggested here. The insta- 
bility of 2,l4-D in light with a suitable activator was 
demonstrated. Galston and Baker (1) established that 
riboflavin inactivated auxin both in vitro and in vivo, 
and Skoog (4) had obtained inactivation of auxin with 
eosin and white light at an earlier date. An inter- 
action of adenine sulfate and 2,l-D was also indicated, 
while the work of Skoog (3) and Skoog and Tsui (2) demon 
strated that differentiation of plant tissue can be 


controlled under specific conditions by adenine-auxin 
balance. 
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CONTROL OF ANNUAL GRASSES 
R. S, Dunham 


I wish to preface this paper by saying that I am 
indebted for much of my material to severai of my co- 
workers in other institutions. I make this as no 
apology since I would be foolish indeed if I depended 
solely on the work at Minnesota when so much is avail- 
able from other states in the area. 


When 2,4-D first became available as an herbicide, 
I frequently expressed the wish that it had been born 
twins. For, although it was a very effective weed 
killer on broad-leaved species, we needed a twin sister 
for the grassy weeds. In due time, such herbicides 
were found and we can now say that certain species of 
annual grasses can be killed by selective chemicals in 
some of the crops with which these weeds are commonly 
associated. 


When we look at the experimental work from all 
parts of the Conference region we soon notice con- 
tradictory results. What has worked very satisfactori - 
ly in one area has not worked in another. But such a 
situation is not new in biological research and cer- 
tainly is not peculiar to the use of herbicides. Read 
the list of recommended varieties of crops for various 
states or the fertilizer recommendations and you will 
also find wide differences. In a recent survey of 12 
states in this north central region, a list of l15 
species of weeds was reported as important but oniy 
about one-half of this number was important in two or 
more states. These state and area differences are the 
reason for an experiment station in each state and of 
branch stations within a state. It is perfectly 
reasonable to expect that the soil and climate and the 
various biotypes of weeds found in different geographi- 
cal locations should affect results. Unquestionably, 
too, there are many less obvious factors that account 
for what seem at present to be discrepancies in the 
reports of various investigators. This is a fact that 
we must accept and instead of causing us concern, it 
should merely impress upon us that results closest to 
home are probably most dependabie for our use. 


The grasses on which most work has been done are 
foxtail (Setaria spp), weedy brome grasses (Bromus )» 
wild oats (Avena fatua) and crab grass (Digitaria s .. 
I shali omi€ any reference to crab grass since 
be discussed in other papers during our conference. 
Herbicides are used in pre-emergence or pre-planting 
and in post-emergence applications. Some are better 
adapted for one method, some the other. 


to 


In a considerable area of the corn belt, 2,l-D 
has controlled foxtail satisfactorily when used as 
pre-emergence treatment on corn. When successful, con- 
trol lasts for 3-l weeks and the first cultivation may 
be postponed. Ordinarily, two cultivations after the 
effect of 2,l-D has disappeared are sufficient to keep 
the corn clean. Although 2,li-D has also been used on 
soybeans in a similar manner, the hazard of injuring 
the crop is much greater and if heavy rainfall follows 
soon after the application, injury is almost certain 
to result. If the beans are thinned and retarded in 
growth, certain late germinating weeds may become 
established. The uncertainty of the pre-emergence 
treatment of soybeans with 2,li-D has caused this Con- 
ference to withhold recommending it. 


Rather strangely, the pre-emergence use of 2,li-D 
on corn in Minnesota has consistently failed to control 
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foxtail or other annual grasses. Early post-emergence 
applications have ruined the crops. Spraying corn with 
2,4-D and TCA after it has been laid by has been very 
successful in controlling both grasses and broad-leaved 
weeds that germinate after the herbicides have been 
applied. No injury from 2,l-D has resuited if it was 
applied after ears were formed but TCA has to be plac- 
ed under the leaves and on the lower part of the stalk. 
The control of weeds at,this time of the season has 

not affected the yield of corn but it has resulted in 
a clean seed-bed for the succeeding crop which, in 
Minnesota, is frequentiy as important or more important 
than corn for a cash crop. 


CMU is aiso probably best used as a pre-cmergence 
treatment for annuai grasses. Although some trials 
have been successful in controlling foxtail in corn and 
sugar beets, there has not been enough wrk reported to 
justify any recommendation at this time. 


The outstanding example of an herbicide that is 
most effective when applied prior to sowing or planting 
is IPC. Thorough mixing with the soil is essential and 
most effective kills have occurred on germinating seeds 
and young seedlings. In some of the western states, 
IPC and chloro IPC have been very satisfactory for con- 
troling such grasses as wild oats, downy brome grass, 
foxtail and barnyard grass. They have displayed con- 
Siderable selectivity so that some weedy grasses can be 
removed from some crops. In Minnesota, we have found 
both the emulsifiable and the chloro formulations of 
IPC to be rather specific for wild oats which are kill- 
ed at germination or early seedling stages. Selectiv- 
ity on crops, however, has been a problem. Considering 
all reports from this area, there is a lack of con- 
sistency in results which makes recommendation impossi- 
ble until further work evaluates the chemical more 
completely. 


The pre-emergence or pre-planting methods have 
some very definite limitations. They are particularly 
subject to the weather. Extremely dry conditions fol- 
lowing treatment may mean ineffectual weed control and 
heavy rain may cause severe crop injury. Furthermore, 
the extent and kind of weed problem in a field is not 
always apparent so early in the season. For these 
reasons, post-emergence applications have some distinct 
advantages. 


Among the herbicides that can be used after the 
weeds have emerged is TCA. It has been very effective 
in killing foxtail in flax without injury to the crop. 
Likewise, it has been used successfully on both seed- 
lings and established stands of alfaifa and on estab- 
lished Ladino clover for the same purpose. Red clover 
and alsike clover are much too sensitive to permit its 
use and sweet clover is questionable. TCA has also 
been used successfully on sugar beets for the control 
of foxtail. Most of the treatments have been pre- 
emergence applications but post-emergence treatment 
looks possible from more limited trials. 


A post-emergence screening trial of 13 materials 
was made on foxtail at the University of Wisconsin. 
The most toxic grass herbicides found were endothal 
and CMU foilowed by TCA, Maleic hydrazide, and chloro 
IPC. Emulsifiabie IPC, polychioro aryl alkyl carbonate 
(Goodrite PEC), dichloral urea (E H 2), N-2-Chloro- 
phenyl phthalamic acid, and N-l-napthyi phthalamic acid 
caused no significant reductions in the grass yields. 
No attention was paid in these trials to effect on 
crops of these herbicicvs. At the North Dakota Agri- 
cultural Experiment S ation endothal was also found to 


be very effective on wild oats but killed flax. 


At the Nebraska Agricultural Experiment Station, 
TCA, IPC, and TCA plus Sinox General applied late in 
the fall or early spring have given good control of 
weedy brome grass (B. tectorum), hairy chess (B. 
commutatus), Japanese brome grass (B. Japonicus), and 
cheat (B. secalinus). These treatments however, can- 
not be used selectively in grass seed fields or grain 
crops at rates sufficient to kill the weeds. 


It is apparent from the survey that I have attempt- 
ed to make that considerable progress has been made in 
annual grass control by chemicals and that some species 
can be killed selectively in some of the crops in which 
they are commonly found. It must also be apparent that 
there are some crop-weed combinations for which there 
is as yet no solution by chemicals. Control in such 
situations must rely on cultural methods. 


It is obvious that where cultivation can be em- 
ployed as in row crops or late sown crops that permit 
cultivation before sowing, much can be done to control 
an annual weed. Where such cultivation is not possible, 
however, it is the preceding crop that must be cleaned 
up. One of the characters common to most annual weeds 
and one that accounts for their persistence is their 
ability to produce large numbers of seeds that have the 
capacity for delayed germination, and that remain 
viable for years. Control practices are aimed at stim 
ulating the germination of these seeds in large numbers 
the preceding fall with subsequent killing of the seed- 
lings by cold weather. Such a practice is termed 
"August plowing" in the flax region of Minnesota and 
North Dakota. If moisture is adequate and the seeds 
are not dormant, a top layer of soil may be freed from 
a great many weed seeds and if it is not plowed and 
seed bed preparation is shallow, the succeeding crop 
can be relatively free from annual weeds. 


The problem of delayed germination in weed seeds 
is a very important one but it is greatly increased 
if the farmer attempts to kill annual weed seeds by 
burying them deeply. Such a practice seldom kills 
the seeds but, instead, induces a second dormancy that 
prolongs the longevity of viability. We have been 
collecting samples of soil in Minnesota since 1944 and 
germinating the seeds of annual weeds found in these 
samples. We have provided adequate moisture, aeration, 
and room temperatures with no special treatments to 
break dormancy. Under these conditions the seeds of 
foxtail and barnyard grass have germinated readily the 
first and second year, have dropped from 3200 seedlings 
per square foot 7 inches deep the second year to hl,7 
the third year, 55 the fourth year and 0 the fifth year. 


Control of foxtail by selective chemicals is an 
accomplished fact in some crops and offers promise in 
others. The most frustrating experiences occur with 
wild oats. The area in our North Central Region that 
is most heavily infested with this weed comprises the 
Northwestern part of Minnesota, North Dakota as far 
west as the Missouri River, the Northeastern part of 
South Dakota, and the provinces of Manitoba, Saskat- 
chewan, and Alberta. Smaller areas are found in other 
sections of these states and in other states where 
cropping practices or environment are particularly 
favorable. Aithough wild oats has been known as a weed 
for centuries and although it occurs over much of the 
world, there is no known method of control that is both 
effective and economic. 


A relatively new weed that has established itself 
as “our worst weed in central Iilinois" is giant fox- 
tail (Setaria faberii) according to F. W. Slife of the 
University of Illinois. It is an annual with a tre- 
mendous capacity for seed production. It has the 
ability to germinate in cultivated ground from the 
middle of April until frost in the fall. It can out- 
grow the crops common to Illinois agriculture if given 
any advantage over them. Control of this weed has also 
proved difficult. (Contribution from the Division of 
Agronomy and Plant Genetics, University of Minnesota, 
St. Paul, Minnesota. Paper No. 278, Scientific Journal 
Series, Minnesota Agricultural Experiment Station. ) 


THE CONTROL OF JOHNSON GRASS 


George McCall 


Johnson grass was introduced for use as a forage 
plant having some merit for pasture or hay production. 
Today it is distributed all over the South wherever 
rainfall is abundant and has spread into the warm irri- 
gated lands of the southwest and California. 


Johnson grass is considered to be a warm season 
grass but has been spreading rapidly into the Northern 
States. It has now infested lands in the southern part 
of Kansas, Illinois, Indiana and Ohio. In Kansas the 
plant used to be found in scattered isolated spots but 
it is now generally found along roadsides, fence rows 
and streams in the southern part of the state. Prof. 
Zahnley of the Kansas State College, Department of 
Agronomy, states that the majority of this spread has 
occurred in the last twenty years. 


Once established, Johnson grass will produce heavy 
vigorous rootstocks which make most of their growth 
after the plant has reached the boot stage. These root- 
stocks carry the plant through the winter and also help 
to spread the grass when they are distributed by mechan 
ical means during cultivation. 


The most important source of spread of Johnson 
grass is the Seed. Established stands along roadsides 
and fence rows offer a constant source of infestations 
for nearby areas from seed. The seed is also scattered 
by flood water into overflow bottoms and by irrigation 
water from ditch banks and irrigation waterways. 


Because of this spread of seed by flood water into 
river and creek bottom land, Johnson grass is a menace 
to thousands of acres of our most productive lands. 
Most of the major and minor stream bottoms in the John- 
son grass area are intested. Many acres of this type 
of land have been abandoned to Johnson grass for all 
practical purposes. 


Although Johnson grass originally was introduced 
for forage it is not one of the better grasses for that 
use. Its grazing value is only fair and it has medium 
palatability while actively growing and low palatabili- 
ty when in the dormant state. In addition, its nutri- 
tive value ranges from medium to low. 


Because of its relatively low grazing value, John- 
son grass can be overgrazed rather easily to the point 
where it is no longer profitable for that purpose. If 
the infested land is cultivated and put into crop, 


usually there will be enough root stocks left to ser- 
iously infest and reduce the yield of the crop. There- 
fore, iand sown to Johnson grass affords relatively poor 
‘pasture and the grass will interfere with the subse- 
quent use of the land for cropping. For this reason, 
Johnson grass is recognized as a weed in much of the 
area and complete eradication would be desirable. 


Control Methods 


Often times the word control is confused with 
eradication. Eradication simply means what it says - 
the land is freed of Johnson grass and subsequently re- 
mains free of that pest. On the other hand, control 
simply means to keep in check. 


Depending upon conditions, control may vary from 
simply checking the Johnson grass enough so that one 
good crop can be grown before additional measures must 
be taken to complete eradication of the grass. On much 
of the land infested control is ali that is possible to 
obtain although sometimes exceptional control may result 
in eradication over rather limited areas. 


The methods available for Johnson grass control 
fall into the classification of either cultural or 
chemical or a combination of both. C.J. Willard and 
D. F. Beard of the Ohio State University have given a 
very concise summary of the aim of these control 
methods. They are: 


Prevent ripening and spread of seed. 

2. Kill young seedlings. 

Exhaust reserve food stored in rootstocks. 
Prevent food storage in new rootstocks. 

- Destroy weakened rootstocks. 


Johnson grass is readily controlled by cultivation 
under most conditions. When a large area of land has 
become infested with Johnson grass, the use-cost per 
acre of chemical control is too great to be practical. 
Therefore, under most conditions cultivation or cultural 
control is the preferred practice. 


The Johnson grass plants can be prevented from 
forming seed by continuous heavy grazing or by mowing 
as often as necessary from early summer to the time of 
killing frost. This may vary from 8 times per year or 
more in Oklahoma to approximately 5 times per year in 
Ohio. 


Johnson grass seedlings will not produce extensive 
rootstocks until after they reach the boot stage. Be- 
fore that time they are easily killed by a single culti- 
vation. However, some seeds may germinate in a corn- 
field after the crop is laid by and unless these plants 
are killed by special means they will-mature and pro- 
duce seeds before harvest. It is possible that some 
Johnson grass seeds may remain dormant in the soil for 
a few years. Because of this, late cultivation prac- 
tices may be necessary for several years. 


If continuous cultivation is to be used, the land 
can not be used for crops for a one-year period. The 
first cultivation in the spring usually requires some 
type of turning plow to break up the sod. At this time, 
the plants are 5-6 inches high. The resprouts should 
never be allowed to become any larger than this but 
should be destroyed at approximately three week inter- 
vals with a duckfoot or sweep type cultivator through- 
out the summer. One season of continuous cultivation 
is almost always sufficient to eradicate the old infes-° 


tation. The system sometimes faiis if the season is 
excessively wet and the periods between cultivation 
are appreciably prolonged beyond three weeks. 


Heavy pasturing, mowing or continuous cultivation 
throughout the season will exhaust reserve food stored 
in the rootstocks, prevent food storage in new root- 
stocks and help destroy the weakened rootstocks. 


When heavy pasturing or continuous mowing is used 
and the grass is never allowed to grow higher than 
h-6" at the most, the rootstocks become small, shallow 
and easy to kill. After the first killing frost the 
roots can then be turned out and exposed to drying 
and freezing all winter. This system has been very 
successful in the more northerly areas where Johnson 
grass is distributed. 


In the spring the land is then sowed to a small 
grain crop (either wheat or oats). Any Johnson grass 
left will not begin to make much growth until the 
middle of May and it will be the latter part of June 
before rhizomes begin to form. The crop is taken off 
as soon as possible and the ground is then plowed and 
cultivated with a duckfoot every three weeks until the 
time for wheat seeding in the fall. 


One year usually is not sufficient for complete 
control of the grass. Several years may be required 
to get rid of the seed in the soil. 


A variation of this system in the more southerly 
areas makes use of a fall planted crop of small grains 
instead of a spring crop. Planting is delayed as long 
as possible to extend the period of cultivation before 
sowing. Cultivation is resumed when the grain crop is 
harvested. 


In areas where winter barley can be grown it is 
preferable to winter wheat. The barley usually can 
be combined sooner than wheat and Johnson grass is not 
so likely to interfere with the operation. 


There are many variations of this procedure de- 
pending on the crop used but the essential features 
are close pasturing, mowing or cultivation of the 
Johnson grass until crop seeding time. 


z Chemical Weed Control 


The chemical control of Johnson grass is probably 
not too important in field crops except under special 
circumstances such as wnere it is desired to grow con- 
tinuous corn on bottom land. It is very important for 
control of the pest in fence rows, on the banks of 
irrigation ditches, etc., which cannot be easily 
reached with mowing or cultivation equipment. These 
two different situations require different types of 
chemical to do the job. 


On crop land it is necessary that we use a chemi- 
cal which wili kill the Johnson grass, but which will 
not remain in the soil the following year when crops 
are planted. The two most important chemicals for 
this use are TCA and sodium chlorate. 


The usual method of treating is to apply the chem- 
ical to the infested spots in late summer or early 
fall after the grass has been weakened by heavy pastur- 
ing, mowing, plowing or cultivation. 50-100 lbs. per 
acre of TCA is the recommended rate while from 100-200 
lbs. per acre of sodium chlorate are required. 


Each ot the two chemicals has certain advantages — 
in its favor. TCA is effective on Johnson grass at ~* 
lower dosages than is sodium chlorate. In addition, 

it is more soluble in water so the material is easier 
to spray. TCA is not a fire hazard. It does not keep 


the soil unproductive for as long a period following 
treatment as do the chlorates. 


On the other hand, sodium chlorate is somewhat 
cheaper on a use-cost basis than TCA. It is not 
caustic to the skin as is TCA and is less corrosive 
to equipment. . 


The problem of residual toxicity of chlorates 
does not appear to be as great a problem in those 
areas that have a comparatively high winter precipita- 
tion (Chio) where it is recommended for use on cropland 
as it does in the areas where winter moisture is limit- 
ed (Oklahoma) where it is not recommended for this use. 


It should be mentioned here, while speaking of 
chemical control of Johnson grass on crop land, that 
dichloral urea at 100# per acre looked promising as a 
fall treatment. It is possible that lower rates would 
be effective. Dichloral urea ieft little evidence of 
a toxic residue the following season when crops were 
planted. 


For non-cropland use along fence rows, etc., the 
chemical to be used not only should eliminate the exist- 
ing stand of Johnson grass, but it aiso should persist 
in the soil for as long a period as possible following 
application. This extended period of toxicity is neces- 
sary to control seedlings which germinate throughout 
the growing season and establish themselves if a toxic 
amount of the herbicide is not present. This type of 
persistence is not necessary or desirable on cropland 
where seedlings can be controlled by proper cropping 
and tillage systems after chemical treatment. 


At the present time, the compounds most commonly 
used for this purpose are sodium chlorate, "Atlacide" 
and the chlorate-boron mixtures. Chlorate is applied 
at much higher rates than when used on cropland and the 
length of sterility is thereby increased. "Atlacide" 
is a commercial] mixture of sodium chlorate mixed with 
other ingredients to reduce the fire hazard of the 
chlorate. Its value as a weed killer is proportional 
to the sodium chlorate content so it is somewhat less 
effective than the straight material but also is some- 
what safer to use. Chlorate-boron mixtures, such as 
"Chlorax Spray Powder" and "Polyborchlorate" contain 
sodium chlorate, sodium pentaborate and sometimes other 
water soluble boron compounds in varying proportions. 


' Sodium chlorate is usually applied at the rate of 
l-5 lbs. per sq. rod in the fali or early in the spring 
before Johnson grass has started to grow. Although the 
chiorate-boron mixtures are not as yet recommended for 
Johnson grass control in most of the north central area, 
they have also looked very good on Johnson grass when 
applied at rates of from 8-12 lbs./sq. rod. Fali or 
early spring applications are preferred. The mixtures 
containing the higher proportion of chlorate are 
effective at the lower dosages. 


Sodium chlorate is more soluble than the chlorate- 
boron mixtures and consequently can be more easily 
Sprayed. It also has a somewhat lower use cost. 


The boron-chlorate mixtures are advantageous to 
use in that the fire hazard associated with sodium 


chlorate is practically eliminated and the period of 
residual toxicity is somewhat longer than is that of 
the chlorates alone. 


In regard to some of the newer compounds, CMU 
3-(pchlorophenyl)-1, 1-dimethylurea looks very promis- 
ing for extended control of Johnson grass at dosages 
of from 40-80 of 80% CMU Weed Killer lbs./acre. 
Results are also encouraging for the pre-emergence 
control of seedling Johnson grass at very low rates. 
More work will be necessary before CMU's exact role 
in Johnson grass control is determined. 


From the data which has been collected by a number 
of investigators in the North Central Conference, it 
is evident that in the majority of cases where it is 
infesting large areas, Johnson grass can be controlled 
by cultural methods. In certain cases such as infest- 
ed bottom land where continuous corn is grown cultiva- 
tion methods are not enough. It is here and in areas 
that are inaccessible to machinery that chemical con- 
trol of Johnson grass becomes most important. 


CONTROL OF FIELD BINDWEED 


Deane Finnerty and Neal Shafer 


Control of field bindweed became a problem soon 
after it was first reported in Virginia in 1739. 
Field bindweed followed farming westward and by 1900 
was well established in all but the southeastern 
states, where it does not seem to thrive. Probably 
no other unwanted plant has demanded so much time and 
effort on the part of farmers and research men alike. 


The wealth of experimental data resulting from in- 
tensive developmental studies of this weed is an im- 
portant and useful weapon which should be used in com- 
batting it. Most of this information is familiar to 
many of you, for you aided in the collection of it. 
Nevertheless, a few of the facts should be recalled in 
a talk of this kind. The foliage and floral character 
istics are widely recognized. Perhaps it is less com- 
monly known that as many as 38% or more of the blos- 
soms may set seed under optimum conditions, according 
to I1linois workers. They also state that field bind- 
weed appears to be cross-pollinated. Seed production 
is favored by warm, dry weather during blossoming. 


Bindweed seed may remain viable in the soil for 
many years. Timmons, in a report from Kansas, writes 
of scattered emergence of bindweed seedlings twenty- 
eight years after an original stand had been eradi- 
cated. Frazier, in another Kansas publication, dis- 
cusses seedling, plant, and root development of bind- 
weed. He found seedlings grown free of competition 
had roots eight inches deep at the end of one month. 
Such seedlings can be killed by cutting once to a 
depth of four or five inches. At six weeks the root 
system was one foot deep with a lateral spread of sev- 
en inches. Seedlings at this stage are not killed by 
one cultivation four or five inches deep, but nearly 
always send up new shoots from that level. Several 
investigators have found that tillage seven to twelve 
days following emergence of bindweed was most effect- 
ive in depleting root reserves. Other studies show 
that reserves. Other studies show that reserves are 
lowest at the bloom stage in undisturbed stands. 
Roots may, under optimum conditions, penetrate to a 
depth of twenty feet. 


Bindweed may be controlled by cultural or chemical 
means, or by combinations of the two methods. In addi- 
tion, “preventative control practices" cannot be over- 
emphasized. One basic rule for control of weeds is 
“don't plant them." Despite this fact, bindweed seed 
is still planted. A survey was made in one Nebraska 
county last spring. A total of 110 oat seed samples 
was taken direct from the drill, wagon box, or truck 
in the field. Forty-one per cent of the samples con- 
tained primary or secondary noxious weed seeds. 5.)% 
of the samples contained field bindweed seed ranging 
from 32 to more than 8,000 seeds per bushel of oats. 


Initial infestations or small patches of bindweed 
can be controlled by use of soil sterilants. Soil 
sterilants also may be used along roadsides, railroad 
rights-of-way, and other non-cultivated areas. Sodium 
chlorate at to 7 pounds per square rod or Borascu at 
20 to 30 pounds per square rod are recommended. Boron- 
chlorate mixtures have recently shown some promise, 
with CMU even more recent. Slightly better results 
are noted with fall applications than at other seasons. 
Regardless of the material used, repeat applications 
usually are necessary to control surviving plants and 
seedlings. 


Bindweed control on larger areas of cultivated land 
presents more complex problems. On these areas, 2,l-D 
in conjunction with competitive crops and tillage offers 
considerable promise. However, 2,4-D has given dis- 
appointing results when applied under adverse growing 
conditions. Adequate soil moisture and favorable 
temperatures for good growth are factors to consider. 
The dosage of 2,l-D normally must be increased from 
more humid to drier areas. One pound 2,li-D per acre 
usually is required in western North and South Dakota, 
Nebraska, Kansas, Oklahoma, and Texas, whereas rates 
of 1/2 to 3/k pound per acre may be adequate for con- 
trol in eastern areas. Workers report no consistent 
advantage of one 2,4-D formulation over another except 
that the esters appear somewhat more effective than 
amine salts of 2,li-D when both are used at low rates 
or during adverse growing conditions. 


Smail grains and close-drilled sudan or forage 
sorghums as competitive crops, combined with 2,l-D 
treatment, are effective in controlling bindweed. 
Tillage immediately after harvest of small grains fol- 
lowed by 2,4-D treatment on the fall re-growth prior 
to seeding reduces stands of bindweed. In many areas 
winter wheat or spring barley may be in the early boot 
or even bloom stage when the bud to beginning bloom 
stage of bindweed occurs. In such cases dosages could 
be adjusted downward, with some injury to the crop re- 
sulting, or spraying done after the fully tillered stage 
but before the early boot stage, unless the weed prob- 
lem is acute. If dosage or time of 2,li-D application 
is altered to favor the crop (and the bindweed) immedi - 
ate post-harvest tillage, and possible fall spraying 
are important considerations. Close-drilled sudan or 
forage sorghum permit 2,l-D treatment prior to seeding 
the crop, will tolerate moderate dosages of 2,li-D, pro- 
vide dense shade during the summer months, and will 
permit fall spraying following the harvest of forage. 
Dense shade provided by close-drilled sudan from June 
15 to September has prevented the usual August blooming 
of bindweed at Lincoln, Nebraska. 


Corn and grain sorghum are less effective than 
small grains or close-drilled sudan or forage sorghum 
in control of bindweed. These two crops are not good 
shade crops and are more likely to be damaged by 2,l-D 
than are small grains or sudan grass. Cultivation of 
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these row crops causes uneven emergence and develop- 
ment of bindweed which reduces the effectiveness of 
chemical treatment. Dosages up to 1 pound of 2,l-D 
per acre may be used on corn with injury probably un- 
less the corn is very young. Grain sorghums appear 
less tolerant to 2,lj-D than corn. In both crops, the 
minimum 2,l-D dosage required for weed control should 
be used. Esters are more injurious than amine or 
sodium salts at comparable rates. Airplanes and high- 
clearance rigs offer possibilities for 2,l-D treatment 
after the pollinating period in either crop. 


Perennial forage crops are effective in controll- 
ing field bindweed. Workers in South Dakota report 
excellent control of bindweed with fall seedings of 
grass, alfalfa, or grass-alfalfa mixtures following 
a spring and summer of intensive tillage. Alfalfa in 
one test gave 77% control after two years of competi- 
tion following fall planting in 1948, Ree wheatgrass 
87 per cent, brome 61 per cent, crested wheatgrass 32 
per cent, alfalfa-crested wheatgrass 73 per cent, and 
alfalfa-Ree wheatgrass 8 per cent control. In an- 
other test, alfalfa seeded in the fall of 196 had 
eliminated 100% of the bindweed by 1950. Nebraska 
workers have found perennial grasses combined with 
2,4-D treatment to be effective in rapidly reducing 
stands of field bindweed. Smooth brome grass, plus 
1 pound 2,l-D applied in the spring, has given 90 per 
cent or more reduction in bindweed over a two-year 
period. Control in spring-sprayed plots was 16% great- 
er than in unsprayed checks. The use of fertilizer 
slightly increased the per cent control. Fall and 
spring 2,li-D treatments offered no advantage over 
spring treatments alone. Late fall 2,l-D treatments 
gave no better control than untreated checks. Inter- 
mediate wheatgrass approached bromegrass in effective- 
ness with crested wheatgrass less effective in con- 
trolling bindweed. These grasses are tolerant to 
high dosages of 2,l-D, provide intense competition, 
and give a return from the land in the form of forage 
and grass seed. In addition, grasses fit well into a 


* soil conservation farming program. 


Intensive tillage is an established method of 
bindweed control, though it has suffered some de- 
emphasis since the advent of 2,4-D. It is still 
valuable, especially when combined with such crops 
as wheat. Tillage, particularly shallow tillage, 
serves several purposes when properly practiced: it 
depletes root reserves of established plants, controls 
seedlings, and promotes germination of bindweed seed. 
The latter is especially important in older bindweed 
stands where several bindweed seed crops may have 
been produced. 


It may be stated in summary that we have many of 
the necessary weapons for combatting bindweed. Con- 
trol is a possibility; eradication a more difficult 
accomplishment. Finally we must continue to dissemi- 
nate the information we already have among those for 
whom we work -- the farmers of our area. 


BRUSH CONTROL -- WHAT’S NEW IN 1951 
REMARKS OF GEWERAL CHAIRMAN 
L. W. Melander 


Interest in the killing of woody plants with chemi- 
cale has grown by leaps and bounds during the last five 
years. This has been manifested by the interest shown 
for this part of the program at the North Central Weed 
Control meetings from 1946 to date. 


With the limited time available today, the panel 
is going to present what they consider new developments 
in killing woody plants with chemicals. However, be- 
fore presenting the panel, it is essential that several 
things be called to your attention. 


1. Since many woody plants grow in patches rather 
than continuous infestation, it is essential that cer- 
tain concentrations be used. In 1950, at Milwaukee, it 
was recommended that the concentrations of a given chem 
ical should be expressed as the number of pounds of acid 
or chemical per 100 gallons of the complete spray mix- 
ture. Thies method of expressing concentrations is still 
recommended, with the percent of acid or chemical by 
weight as a second choice. It is obvious for laboratory 
experimentation that the term “parte per million" may 
be used, but for field operations by the general public, 
it is not recommended. 


2. For four years this conference prepared tables 
giving experimental results showing the effects of 2, 
D, 2,4,5=T, etc., on woody plants. For the convenience 
of the general public as well as the herbicidal industry, 
a table showing what the established effects of each of 
the various herbicides on each woody plant, in both fol- 
iage and dormant stages, should be prepared. The chemi- 
cal recommended for killing each woody plant (separate 
foliage and dormant recommendations) should be desig- 
nated. A table of this kind should contain as accurate 
information as possible so that when any situation for 
killing woody plants arose, the proper type of chemical 
used for a given plant or mixture of plants would be 
readily available. 


It must be admitted that just a start has been made 
on the most effective methods of killing woody plants in 
both the foliage and dormant stages. Phenomenal success 
in controlling woody plants upon righte-of-ways has been 
achieved in many instances. In spite of these successes 
there is no source available where chemical companies, 
corporations owning rights-of-ways, farm advisors, or 
the general public can go and get complete information 
on the effect of any herbicides on a given woody plant. 
It, therefore, is suggested that everyone using chemi- 
cals for killing woody plants, both on a research and a 
practical basis, keep special records of what chemicals 
and concentrations were most effective for killing a 
given woody plant in either the foliage and dormant 
stages. To obtain the information for this table will 
take a period of years, but the accumulation of the 
necessary data should be started as soon as possible. 
After the established killing dosages are recorded, they 
should be of permanent use. 


3. We would like to emphasize the importance of 
the "intermediate field test" comparable to the "pilot 
plant test" in industry. After good results have been 
obtained in emall plots, preliminary field tests should 
be run and results obtained before large-scale opera- 
tions are attempted. If this intermediate step is not 
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taken as a regular procedure, large operations may be 
failures and cause people to lose faith in the use of 
chemicals for killing woody plants. This would be most 
unfortunate, because we are confident that chemical 
eradication of woody plants is here to stay and will be 
utilized more and more. 


4. There is a definite necessity for continued 
alertness to observe any possible adverse effects of 
chemicals on personnel using hormone sprays continu- 
ously over a period of time. In treating woody vlants 
with chemicals, the workmen frequently have their 
clothes saturated with these chemicals. Every possible 
precaution should be taken to avoid any possibility of 
injury to personnel using these herbicides. Dr. C. J. 
Willard is doing an outstanding job of collecting all 
information on this subject, and I am recommending 
that you make every effort to hear what he has to say 
on this subject tomorrow morning. 


At least twice so far, at thie conference, state- 
ments have been made as to the necessity for more basic 
research on the effects of various herbicides on weed 
plants. I had planned to make the same statement, and 
I think it important that this gathering know the rea- 
son for lack of basic research. 


Fundamental research requires time and long-range 
planning. These plans cannot be brought into actuality 
unless there is a sustained, adequate source of funds 
to enable scientists to carry on their research. During 
the past few years, the funds that have been available 
for research have not reached as far as in previous 
years, which is true of all types of funds. Institu- 
tions have been faced with rising costs and, therefore, 
have been unable to put the money that they would like 
to into basic research. Another reason is that there 
are many emergency problems, probably more or less of 
an empirical nature, that require immediate attention 
and solution. Often there are not sufficient funds to 
take care of these emergency problems. Basic research 
cannot be put on a production-line basis, and the 
amount of results cannot be anticipated. One-year 
grants for basic research are not practical. They 
should be long-time commitments on a sustaining basis. 
Yor example, a research institute would vrefer a grant 
of $5,000.00 per year for ten years rather than $50, 
000 for one year. It is, therefore, suggested that 
thie conference do what they can to make funds avail- 
able to those institutions that are equipped to do 
basic research. 


At this time, I would like to introduce the chair- 
man of the panel on “Brush Control." Their subject will 
be "What's New in 1951." Dr. Henry Hansen is professor 
in the School of Forestry, University of Minnesota, and 
has been carrying on extensive experiments in killing 
woody plants with chemicals. It is with pleasure that 
I introduced him to you at this time, and he in turn 
will introduce the members of his vanel. 


REPORT CF BRUSH CONTROL INVESTIGA- 
TIONS ON HARDWOOD 


Harry M. Elwell 


Brush control investigations on hardwoods, oak 
and reiated species was started on the Red Piains 


Conservation eriment Station, Guthrie, Oklahoma 
In 1935. The oo Work was dons with hand tools 


but since then various methods have been tried. Chemi- 
cals were introduced in these studies in 195. ‘The 
past year provided many opportunities for evaluating 
the effectiveness of new formulations of selective and 
non-selective herbicides, as well as, various methods 
of application. This research is conducted by the 
Soil Conservation Service and the Oklahoma Agricultural 
Experiment Station. The most effective cooperation is 
being received from chemical companies, manufacturers 
and operators of spraying equipment, farmers and the 
Flying Farmer's Research Foundation. This work has 
spread through field trial studies in Soil Conservation 
Districts to various parts of the State. 


PROTECTED WHILE GRASS DEVELOPS 


Where selective herbicides are properly used the 
land cover is not destroyed. Leaves, twigs and stems 
of sprayed brush accumulate in a mich on the soil. 
There was an average of 7593 pounds per acre of this 
litter two years after treatment. It conserves water 
and makes conditions favorable for the immediate growth 
of native grass intermingled in tue brush. Measure- 
ments made during an eight year period on the Red Plains 
Station show that 5% less water ran off annually from 
good grass on cleared land than from an adjacent area 
of brush land. 


This method of brush control continually protects 
the soil with adequate cover providing fires are pre- 
vented. It has also been the safest way of changing 
worthless brush land into valuable grass land. The 
yield of grass in 199 was 2836 pounds per acre from 
plots sprayed in 1947. The third year after treatment 
this area produced 5 pounds of beef per acre during 
the growing season and 72 pounds in 1951. The cattle 
were removed from the pasture in August and the native 
grass was allowed to prmduce seed. The yield in 1950 
was 50 pounds per acre. Adjacent cleared pastures 
grazed under controlled conditions during the same 
period the last seven years produced an average of 66 
pounds of beef per acre. 


CHEMICALS FOR BRUSH CONTROL 


Selective and non-selective herbicides have been 
most commonly used for brush control, but directions 
for their use should be carefully followed. They are 
not directly toxic to mm, livestock or the soil. 
Sprays of the selective herbicides seem to actually in- 
crease the palatability of pasture forages. 


Selective Herbicides 


The selective herbicides commonly used are 2,\,-D 
(dichlorophenoxyacetic acid) and 2,4,5-T (trichlorophen- 
oxyacetic acid). The ester formations have generally 
given the best control of brush. The new formations 
applied recently include esters of butoxy, ethanol, the 
combination of propylene glycol, butyl, ether and alkyl 
glycol. These esters when compared with older types 
appeared to be more effective. However, in earlier 
tests using a large volume application on fully leafed 
brush the isopropyl, butyl, amyl esters and also sodium 
and ammpnium salts and amine formulations of 2,l,-D and 


2,4,5-T have killed oak brush. Two pounds of these acids 


in 100 gallons of water have been generally effective. 
These older preparations often produced eratic effects. 
Part of this possibly was due to factors that are diffi- 
cult to control. Generally a satisfactory time to spray 
is just after the plants attained their full leaf size. 
The leaves, twigs and stems of all the plants should be 
throughly wet with this solution. 


The species most readily affected, such as sumac, 
sand plum, sassafras, buckbrush, etc., may be con- 
trolled with 2,4-D alone. But combinations of 2,4-D 
and 2,4,5-T are considered best for such species as 
oaks, hickory and willow. Sprays of 2,4,5-T alone are 
usually most effective for the resistant elms, bois 
D'are and persimmons. 


The 2,4,5-T when tested against equal quantities 
of 2,u-D has been more effective on post oak, white 
oak and black jack. But considering the past cost 
of both materials good control of the species was ob- 
tained with 2,l4-D for less money. This was especially 
true for foliage application using large quantities 
of water for the carrier. The closely related 2 methyl 
4-chlorophenoxyacetic acid has not produced comparable 
results with 2,l-D or 2,l,5-T. 


Non Selective Herbicides . 


The non selective herbicides "“ammate" (Ammonium 
sulfamate) has been the most effective material on 
hardwood species. The rate of application generally 
recommended is one pound per gallon of water. "Ammate" 
is safer to use along roadsides, fence rows, orchards, 
etc. adjacent to crops sentitive to the selective 
herbicides. It was also effective during a longer 
period of the growing season. 


CMU (3-P-Chlorophenyl 1,1-dimethylurea) another 
non-selective herbicide was tried for the first time 
on oak this spring and summer. The rate of applica- 
tion was one-half, one and two pounds per gallon of 
water. The present results are good. This material 
appears to be equal to and possibly more effective 
than ammate. However, the non-selective herbicides 
kill the grass along with the brush, 


Other materials tried included three types of borax, 
a preparation of silicofluoride containing a trace of 
2,4-D and TCA sodium salt (trichloroacetic acid). The 
borax compounds were not effective in foliage sprays 
but did kill oak-brush when the powder was applied near 
the roots of each plant. Foliage sprays using recom- 
mended rate of TCA and silicafluoride cause defolia- 
tions of the oak. There was considerable recovery 
of plants sprayed with TCA. The other material was 
tested only once during 1951. Further observation will 
be required. 


Method of Foliage sprays 
are seve of spraying machines. 


Those most commonly used are the motor driven sprayers. 
Solutions of 100 to 200 gallons per acre have been ef- 
fective. pressures of 100 pounds or slightly less will 
aid in the control of drift of the solution. The best 
small equipment has been fire-fighters or similar type 
of hand applicators. 


Airplanes are being used quite extensively on sand 
Sage and mesquite but the technique has not been as 
fully developed for the control of oak and other hard- 
wood species for grassiand development. Generally the 
powerful, slow-flying airplanes delivering a coarse 
spray have produced the best coverage. The quantity 
of acid to produce a satisfactory control of the dense 
stands of the taller trees has not been definitely 
determined. Promising results have been obtained by 
using pounds per acre of alkyl-glycoi ester contain- 
ing equal parts of 2,u-D and 2,4,5-T in diesel oil. 
Some trials have been made using the new ester of the 
2,4-D and 2,4,5-T alone. 


Best results have been obtained where 2 pounds of 
this material was applied in two applications by cross 
flying the area the first year and then applying addi- 
tional annual treatments of 1 pound per acre the second 
and third years after the first treatment. Where this 
procedure was followed good stands of native grass de- 
veloped by the third years. The yield was five to 
eight times more than that produced on adjacent untreat- 
ed brush land. 


Diesel oil is a good carrier for airplane spray- 
ing. The minimum quantity was about three gallons per 
acre for each application. The cost of making such 
aerial application ranged from 12 to 16 dollars per 
acre. Airplane spraying during the winter months has 
not been effective on hardwood species. Several tests 
were made during the winter of 199 and March 1950. 

The rate of 2,l4-D and 2,,5-T used ranged from one and 
one-half to three pounds per acre in diesel otl in quan- 
tities of five to fifteen gallons. 


Basal-Stem Treatment 


Basal-stem treatments consist of completely wetting 
the bark around the lower part of each tree. Good re- 
sults were obtained on saplings and smali trees by 
spraying a band 20 to 30 inches wide around the lower 
part. On larger trees, however, axe incisions were 
helpful. Spraying the entire tree and brush during the 
dormant season has not been effective. 


Winter applications of selective herbicides made 
from December 15 to March 15 has given better results 
than summer treatments. Good results have been ob- 
tained with heavy ester formulations of both 2,4,5-T and 
2,u-D. They were most effective on oak when applied in 
concentrations of 8 pounds of 2,,5-T acid per 100 gal- 
lons of diesel oil and 16 pounds of 2,l-D acid in the 
same quantity of oil. Concentrations of 12 pounds acid 
of equal parts of 2,l-D and 2,4,5-T in 100 gallons of 
diesel oil has not been as effective as new esters of 
either herbicide alone. A high percentage of both the 
tops and roots of the brush was killed. In some places 
a second treatment may be required to completely elimi- 
nate all the brush. 


Amine formulations of 2,l-D and 2,l,5-T using as 
much as 48 pounds of acid per 100 gallons of water and 
applied in early winter has produced a high degree of 
kill of both tops and roots. 


General grades of diesel oil has been as effective 
as either of seventeen herbicidal oils tried for basal- 
stem treatment. Water oil emulsion reduced the effect- 
iveness of the ester formulations of 2,l-D and 2,,5-T. 
The addition of pentachlorophenol and TCA in the for- 
mulation of isopropyl ester and sodium salt did not 
improve the effectiveness of several 2,li-D and 2,4,5-T 
Spray solutions tried. 


“Ammate" applied during late summer in axe inci- 
sions around small trees of 10 inches or less in diam- 
eter has given good results. Both the crystals and a 
solution made with 5 pounds of "“ammate" per gallon of 
water were effective. Sprays of this material around 
the basal stem was also effective in the summer. This 
was not true for the winter treatments. 


Methods of Apps Basal-Stem Sprays. Knapsack 
sprayers re-fighters are handy and efficient for 
basal-stem treatments of trees or small thickets of 


brush. For this use, they should be fitted with oil 
resistant gaskets. They can also be improved by attach- 
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ing an extra length of pipe to permit the operator to 
stand upright while directing the solution to the base 
of plants. A pistol-type gun dispensing a solid stream 
of solution has also performed satisfactorily on air 
pressure units. This arrangement permits the operator 
to spray several trees from one position. Wheelbarrow 
sprayers are difficult to move through thick brush. 


Powered orchard-type sprayers can also be fur- 
nished with small jets for making basal-stem treat- 
ments. Other powered equipment for this purpose now 
being investigated includes an experimental unit made 
by a private company at Oklahoma City. It consists 
of a framework mounted around the front and sides of 
a small farm tractor. Nozzles mounted in the frame 
direct a stream of solution at the base of the plants. 


STUMP TREATMENT 


Stumps have been sprayed with various concentra- 
tions of both selective and non-selective herbicides. 
Fair kills were obtained with both 2,4,5-T esters and 
"“Ammate". 


A solution of three quarts of the 2,l,5-T was mix- 
ed with 1) gallons of diesel oil and sprayed on the 
stumps with knapsack sprayers. Other stumps were 
painted with paste of "Ammate" or sprayed with solu- 
tions containing 5 pounds per gallon of water. Best 
results were obtained when the bark and sapwood parts 
of the stumps were thoroughly wet immediately after 
the trees were cut. 


DEAD BRUSH 
When chemicals were used, the dead brush was left 


for soil protection. However, it remains standing for 
a considerable time if not broken or crushed down. 


_ A heavy-stalk-cutter type of machine has been used for 


this purpose the second and third years after applying 
the chemicals. It crushes the dead material and forms 
a mulch on the surface of the soil which conserves 
moisture, hastens decay of the brush, and improves 
fertility. 


Contribution from the Soil Conservation Service and 
Oklahoma A & M College. 


CHEMICAL CONTROL OF WOODY PLANTS 


Bob Beatty 


I shall discuss the different methods used in con- 
trolling woody plants chemically and in the time 
allotted try to present our thinking on the subject. 


Foliage spraying by airplane or ground equipment 
is the least expensive method from an application or 
chemical point of view and is the method preferred 
where it effectively controls the plants encountered. 
It is giving us good control of mesquite, sand sage, 
coralberry and others in pastures and controlling the 
easier-to-kill species as an initial spray on our right- 
of-ways. However, we all are looking for chemicals or 
formations to increase our root kill with this method. 


It is too early to say we have adjuvants or improv- 
ed formlations that will increase the efficiency of 
these sprays based on 1951 work. When 8 to 10 pounds 
of TCA was added to the usual D-T mixture in 100 


gallons of water, applied witn ground equipment, we did 
improve our top kill on many plants which are consider- 
ed hard-to-kill. Other workers have had failures and 
success with these combinations and we feel it is still 
a formulation problem because when low amounts of water 
are used in these TCA - 2,l,5-T mixtures the efficiency 
of the 2,4,5-T has frequently been decreased. 


The use of oil-water mixtures for foliage sprays, 
although not new, certainly continues to hold our in- 
terest. When properly formated, 10 gallons of oil, 
90 of water and 3 pounds of the Brushkiller or 2,4,5-T 
alone has given better control of some of the harder- 
to-kill woody plants. Ennis' recent work with 5% by 
volume of oil-water emulsion shows a definite increased 
inhibition over the straight water emulsion. We must 
realize that esters are soluble in the oil phase of our 
formulations and by increasing the oil in these sprays 
we increase the volume of active material and decrease 
the concentration of the active chemical in the oii - 
both of these changes in the finished spray have alter- 
ed our results with ground equipment. 


While on the subject of foliage sprays, we are 
working with formulations of the 2,4,5-T and mixture 
which will not destroy the foliage so rapidly and thus 
enter the plant at sub-toxic concentrations over a 
longer period of time. I am hopeful that some of these 
new carriers of the acid may be more effective on woody 
plants although they will be much slower in their ini- 
tial action. 


1951 has brough the first foliage sprays by air- 
plane on utility right-of-ways to my knowledge and al- 
though it is too early to appraise results, the men 
carrying out these projects are quite pleased and en- 
couraged by their preliminary observations. Tests were 


conducted in Ohio with the conventional airplane sprayer 


and in the New England area they used the helicopter. 
Initial top kill in the New England area was good and 


repeated sprays will warrant your attention. I certain-: 


ly hope the men in this work do not become over-anxious 
with this method until the drift problems encountered 
are solved. 


While speaking about repeat sprays, we feel this 


is a technique that should be accepted and used in plan- + 


ning our future programs. McIlvain and Savage working 
to control a very stubborn plant, the shinnery oak, 
found that three applications of 1 pound of acid each 
year was very much more effective than one application 
of 3 pounds of acid. We are not getting translocation 
of the acids or their breakdown products in the plants 
which sprout from lateral roots and so at present re- 
peat applications after the plant sends up its new 
shoots seem to be the most effective manner to approach 
the problem. 


Another method for controlling woody plants is the 
basal stem spray. Aithough more costly in chemical and 


labor, it has proven more effective in controlling hard- 
to-kiil plants. After travelling the country this year, 


I feel that there is now a general agreement among most 
workers that the volume of material applied is the most 
important single factor to consider with this method. 
It is very difficult to give a figure regarding volume 
because bark texture and size of tree will alter the 
amount needed. However, in our studies on asn we found 
that about lO cc per inch of diameter sprayed up from 
ground line 12 to 18 inches seems to be adequate volume. 


I believe the only reason for spraying up the stem is to 


get a run-down of the material to ground line which 
seems to be very important to the success of this meth- 
od. 


With regard to chemicals, 2,4,5-T seems to be more 
effective in suppressing resprouting of most species 
than the 2,4-D - 2,4,5-T mixture when used at the same 
concentration. A 13% 2,4,5-T acid weight seems to be 
about equal to a 2% mixture of D-T based on results of 
our plots. 


Individual tree species will vary in their re- 
action to this treatment. Under the influence of the 
active chemical some plants have the ability to remain 
in a dormant condition for a number of years and then 
resprout, so we must be very careful in evaluating 
results too soon after application. Some trees which 
have the ability to sprout from lateral roots will need 
repeated applications even with basal sprays. 


Diesel oil or kerosene seem to be the most effec- 
tive carriers although 20 - 30 gallons of oil mixed 
with 80 - 70 gallons of water respectively looks en- 
couraging. 


Apparently many utilities are going to try dor- 
mant basal sprays this year. I certainly hope they 
will apply ample volume (enough until run-down collects 
at base of plant) at a concentration of not less than 
2% acid weight in oil until the operators gain more 
experience with this method. Thorough application is 
very important to the success of the program. 


In order to cut down on labor costs for treating 
individual stems we have been working with blanket 
sprays during the dormant season. Results indicate 
that any blanket spray applied during dormancy will 
have to be many times more concentrated tnan foliage 
sprays because of the smail amount of actual material 
which adheres to the stem and we feel these sprays are 
still in the experimental stage. 


The cut surface or stump method is being used to 
eliminate large trees for improving our forests and on 
initial right-of-way cutting. 


Chaiken, using this method for eliminating infer- 
ior trees from pine forests, find that a 1% ty weight 
emulsion of 2,l4,5-T low volatile ester in water (i 
pounds of 2,l4,5-T ester in 50 gallons of water) is very 
effective poured in a frill made with an axe around the 


trunk of the tree at waist height. The amount of mater- 


ial applied is important and he finds 1 gallon of the 
diluted material will treat about 36 trees 6 inches in 
diameter or 13 trees 17 inches in diameter. 


Leonard, working with large live oak in California 
pastures, is using undiluted pounds per gallon amine 
and applying about 2 cc with an oil can to frills spaced 
about 6 inches apart around the tree at waist height. 
Tne interesting point in this work is that although 
their methods of application differ, they are both ap- 
plying about the same amount of active chemical to a 
given tree. These friiling treatments are iess expen- 
Sive than basal treatments of large trees and very ef- 
fective on those trees in the White and Red oak groups. 


Of the new chemicals in brush control, the butoxy 
ethanol ester of 2-methyl-l-chiorophenoxyacetic acid, 
amnonium fluosilicate and CMU are being used in ex- 
perimen*tal work. I hesitate to say very much about 
these compounds until we have had a longer time to 
appraise them under fieid conditions; however, the 
selectivity of MCP is interesting. In preliminary ob- 
servations Darrow and McCully found MCP ester more ef- 
fective than 2,l-D or 2,u,5-T on white bush. Melander 
and Campbell made the same observations on Berberis 
vulgaris. 


Ammonium fluosilicate ana CMU need and warrant fur- 
ther testing. 


In conclusion, I believe 1951 has been a fruitful 
year in woody plant research because we are getting our 
feet on the ground, realizing what can be accomplished . 
with these chemicals through the ditferent methods, and 
most important, realizing their limitations. 


TWO PRIMARY FACTORS INFLUENCING RESULTS IN THE 


CONTROL OF OAK DURING THE DORMANT PERIOD 


L. L. Coulter 


In the course ot the development of recommendations 
for dormant brush control it has been necessary to in- 
vestigate a number of factors which might influence the 
results obtained. Of the many factors involved, the 
two which emerge as dominant points for consideration 
are spray volume and point of application. 


Volume-Concentration Test 


In Apri. 1951 a test was set up to determine the 
relationship of spray volume to concentration in the 
control of dormant white oak (Quercus alba) trees. Be- 
fore undertaking the test a number of trees were spray- 
ed with volumes which appeared to be light, medium and 
heavy, in order to establish a standard for volumes in 
the main test. The amount of spray per inch of circum- 
ference required to cover a tree from the ground up to 
a point 15 inches avove the ground was determined. On 
the basis of this preliminary test arbitrary volumes of 
3 ml., 7 ml. and 11 ml. per inch of circumference were 
selected as representative of light, medium and heavy 
volumes. When this had been established 210 trees of 
uniform size (8-9 inches in circumference) were tagged 
and measured. These trees were treated with concentra- 
tions of 8, 12, 16, 24, 32, and LO lb. 2,h,5-T acid 
equivalent as the propylene glycoi butyl ether ester 
per 100 gailons ot spray in No. 2 fuel oii and each con- 
centration was applied in the three volumes previously 
indicated. Ten trees were sprayed in eacn treatment. 
Thus the experiment consisted of 7 concentrations ap- 
piied in 3 volumes to 10 trees per treatment or a total 
of 210 trees. 


In September 1951 each tree was rated according to 
the response shown at that time. A rating of 1 indi- 
cated little or no response wnile a rating of 5 indi- 
cated that the tree appeared to be completely dead. 
Ratings of 2, 3, and lk indicated relative responses be- 
tween those two points. These ratings are tabulated in 
Table l. 

Table 1. The reiative effect of various concentrations 
of 2,4,5-T ester applied in several volumes of oil to 
white oak trees.+# 


MI.7inch of Pounds acid per 100 gal. of spray 
3 1.5 2.0 2.1 2.2 2.2 2.5 2.8 
7 3-2 bel 365 
ll 5.0 5.0 5.9 5.0 


"Each value represents a mean for ten trees. Rating 1.0 
indicating no effect and 5.0 appearing dead. 


From the data presented in this table the impor- 
tance of volume is clearly evident. For example, four 
pounds ahg* at a high or even moderate volume gave re- 
sults considerably superior to a concentration of 0 
pounds ahg applied in a low volume. This occurred even 
though approximately three time as much chemical per 
tree was used in the low volume high concentration test 
as with the high volume low concentration test. The 
amount of chemical is in order of 360 mg. per tree for 
the low concentration-high volume test and 1200 mg. per 
tree where the low volume-high concentration was used. 


Since this experiment has been in progress for a 
relatively short period of time the writer does not 
wish to imply that these results are final. However, 
it is reasonable to assume on the basis of past exper- 
ience that as far as the volume relationship is con- 
cerned the trend will continue to be the same. 


The implications of this test may be important to 
research groups in the standardization of experiments 
and to the commercial applicator in obtaining good re- 
sults. For instance if two research workers treat oak 
trees with 2,l,5-T ester at a concentration of 16 
pounds ahg using volumes which appear to be similar but 
are actually quite different the results may vary from 
slight effect (2.2 in table 1) to complete kill (5.0). 
These differences are invariably attributed to such 
tenuous factors as soil, temperature etc. when in 
reality they piobably are purely manifestations of the 
spray volume ewployed. In commercial use the importance 
of volume should be stressed to insure satisfactory 
control. 


Placement Studies 


Previous field tests where sprays were directed 
at different parts of the plant have been reported. — 
These tests indicated the impurtance of applying the 
spray to the base of the pliant. In order to obtain 
further evidence on this particular point and*to learn 
more about the nature of herbicidal action during the 
dormant period a more refined test was initiated in 
April of 1951. 


Clumps of oak sprouts, three years old, were hand 
painted at various points with No. 2 fuel oil contain- 
ing 16 pounds acid equivalent of 2,l,5-T as the propy- 
iene glycol butyl ether ester per 100 gallons of mix- 
ture. The points of application included ;: 1) basal 
area from the ground up to a point 15 inches above the 
ground: 2) mid-section from a point 15 inches above 
the ground up t© a point 30 inches above the ground; 

3) terminal area from terminal bud down 15 inches; ) 
tp haif from terminal bud down 30 inches; and 5) bot— 
tom half from ground up to a point 30 inches above the 
ground. Applications were made with a fine brush in 
such a manner that there wus no appreciable amount of 
oil running below the lowest point of application. 
Downward movement could possibly occur later, of course, 
through one of several processes by which liquids move 
through or along the stem. Each treatment was repeated 
in 10 complete clumps thus giving 50 clumps (two to ten 
stems per clump) in the entire test. 


These treatments were cnecked for response in 


October lySl. Im general the results may ve summarized 
as follows: 


1. Basal 15 inches: No plants showed leaves on 
origina: stems. These original stems are dead through- 
out their entire length with the exception of a few 
wnich show some live cambium in the area approximately 


*acid equivalent per 100 gallons of spray. 


mid-way from top to bottom. Most of these clumps had 
produced new sprouts from the old stump by the time ob- 
servations were made. 


2. Mid-section: This treatment in general killed 
the te area back as much as 20 inches. Where no 
terminal Kill was evident the develupment of leaves was 
suppressed. Actual kill in the center area failed to 
develop although leaf development was suppressed and an 
occasional stem showed much proliferation. 


3. Terminal: When the terminal 15 inches was 
treated some Kill was obtained in the area treated and 
an average distance of ten inches below the lowest 
portion of the treated area. 


4. Top half; Applications over the entire top 
half of the plant killed stems in the terminal area but 
failed to kill the lower portion of the treated area 
which constituted the mid-section of the plant as in 
treatment 2. 


5. Bottom half: When the piant was treated from 
the gro up a point 30 inches above the ground 
essentially the same results were obtained as wnen the 
basal 15 inches was sprayed ie: complete kill of the 
aerial portion of the plant with sprouts from the old 
stump. 


Discussion 


There are numerous references in the literature to 
the importance of volume. These tests seem to empnasize 
the fact that we are on sound ground with our recommenda 
tions that the spray material should be applied in such 
a manner that it is ailowed to run down to the crown in 
considerable quantity. Poor results with airplane ap- 
plicetions during the dormant season are prubably due 
to insufficient volume and to the fact that the small 
amount applied dves not accumulate in the crown area. 

It is interesting to note that tne best though not ne- 
cessarily completely successful treatments generally 
show some kill of vegetation around the base of the 
treated plant. In a test where an area of mixed grass- 
es and perennial weeds was sprayed with a mixture of 
2,4,5-T (propylene and poly propylene glycol butyl 
ether ester) in a concentration of 16 lb. ahg in fuel 
oil it was found that a minimum of 600 gallons per acre 
was the necessary volume required to give the same de- 
gree of kill as is often noted on vegetation at the 
base of sprayed trees. We may actually be using an even 
higher volume where our best brush control is obtained. 
The varied responses of trees to different volumes of 

a given concentration strongly suggests that we should 
consider the possibility of standardizing our volumes 
per plant for research work on sizeable woody species. 


The practicai interpretation of the placement tests 
is to further our conviction that the basal area is the 
criticai area of application. The fact that these 
painted basal treatments permitted new stump sprouts 
to develop (except treatments 2, 3 and where top-kill 
was not complete) may reasonably be explained by the 
fact tnat these were essentially iow volume tests which 
did not permit any runoif to the crown area. 


From a theoretical point of view these tests are of 
interest because they point out something of the herbi- 
cidal action involved during the dormant seasun. They 
indicate that the lethal effects from dormant treat- 
ments move upward or at least appear above the point of 
application but do not move dowimward as extensively. 
Perhaps this movement downward is no further than the 
movement of the oil hence the necessity of using high 
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volumes which run freely down the stem and crown. 


One other point of interest is the relative 
resistance of the central area of the stem. This area 
apparently can absorb the chemical and move it to the 
terminai area which is in turn killed without actually 
absorbing an acute dosage itself. This phenomenon of 
green central stems has been observed in high volume 
and aerial foliage sprays and has been explained in 
terms of coverage but this appears to be an example of 
actual physical ccntact without acute effect. 


PANEL ON PASTURE WEED CONTROL 


INTRODUCTION 
Dayton L. Klingman 


Pasture weed control involves a great deal more 
than just kiiTing the weeds in the pasture. Weeds are 
the symptom of the disease, the evidence of past treat- 
ment. edical doctors may treat the patient in such 
manner as to reduce his nigh temperature, but he always 
aims to cure the disease. Pastures must be considered 
in a similar light -- we have the weeds in the pasture 
and they must be removed but at the same time manage- 
ment must be improved to prevent or reduce reinfesta- 
tion. We plan to touch on some of these pnases in this 
panel -- we will remove the symptoms (weeds) and aim 
to cure the disease (management). 


We aim to cover pasture weed control in three 
main topics: 


1. Good pasture management and reseeding or 
renovation in pasture weed control. 


2. Chemical weed control in pastures. 


3. Mowing vs. spraying for pasture weed control. 


GOOD PASTURE MANAGEMENT AND RESEEDING OR RENOVATION 


IN PASTURE WEED CONTROL 


E. P. Sylwester 


In Iowa we have three primary types of pasture 
land. In ail, according to the 1lyl5 annual farm census 
we have 10,283,877 acres of total pasture land. In our 
rotation pastures of which we have 2,21:5,l32 acres, 
weeds are not a great provlem. In fact, in some in- 
stances we recommend seeding to legumes and rotation 
pasture in order to control such weeds as wild morning 
glory, Jerusalem artichoke, foxtail, barnyard grass, 
etc. We have in Iowa also a good deal of wodland 
pasture. In some of these woodland pastures of which 
we have 2,119,823 acres, a great many kinds of brushy 
plants occur as do other common weeds such as smart- 
weed, snakeroot, jewel weed, poison ivy, and others. 
The greatest number of Iowa pastures are in so-called 
permanent pasture land and of this type we have 
3,918,622 acres. This sometimes is too steep or roll- 
ing for adequate tillage practices. Sometimes it is 
too low and wet. Sometimes it has been badly eroded. 
It is on such areas that our major pasture weed prob- 
lem exists. The major weeds on such areas consist of 
small ragweed, giant ragweed, hemp, buckbrush, iron- 
weed, yarrow, daisy fleabane, mare's tail, whorled 
milkweed, goldenrod, marsh elder and many others. 


Other states will have a similar breakdown on acres 
such as I have given. ' 


In the first place if Lawns or pastures are ex- 
tremely weedy, there is an underlying reason for such 
a condition. One of the first things to look for is 
low soil fertility. Many weeds can make a living on 
such infertile areas almost to the exclusion of de- 
sirable crop plants. Another is soil reaction. 

Oxalis and red sorrel for instance make their most 
luxuriant growth on acid soil, horsetail on wet, acid 
soil. Amother is inability of the prevailing grasses 
to present enough top growth and enough vigorous root 
system to discourage encroaching weed seedlings. Very 
often the grasses which are in evidence are not the 
ones best adapted to the area. We can do a great deal 
toward controlling weeds by means of cultural prac- 
tices and good common sense before ever resorting to 
the use of chemicals. Make no mistake about it, chem- 
icals have an important place but as a supplement to 
good farming practices. By that I mean that in pas- 
tures as in croplands, the basic "foundation stones" 
for weed control must be placed in a sound land man- 
agement program. There are several things that we 

can do in a cultural way that will alleviate weeds in 
pastures. Therefore, if a pasture is weedy the first 
tning to do is to look for the reason. One reason may 
be over-grazing. Over-grazing reduces green leaf sur- 
face which is essential to a fast, thrifty growing 
plant. A thrifty root system and a vigorous growing 
plant mean more competition for weeds. Under such con- 
ditions, weeds find it hard to secure am maintain a 
foothold. Very often cattle are turned into permanent 
pastures too early in the spring. The soil is compact- 
ed and just as the leaves of the grasses are beginning 
to function to make food and to help invigorate the 
roots, the grass tops are removed. This weakens the 
plant and root system. Compacted soil makes for 
unthrifty grass growth permitting weeds to creep in. 
Grasses must be allowed to recover from their winter 
exposure and allowed to build up reserves in the roots 
in order to compete with weeds. Grasses should be 
allowed to make at least 5 to 6 inches of growth before 
animals are turned into them in the spring. If we can 
practice controlled grazing, that is, rotate the graz- 
ing in two or three sections, this will give the most 
recently grazed portion a chance to recover. We should 
watch the height of the grass and use that as a measur- 
ing stick. When the grass becomes short, remove the 
animals to another area. Every farmer should have 
some supplementary pasture, such as sudan grass or 
Reed's canary grass which can be utilized in time of 
emergency to let permanent pasture grasses recover. 
More competition by thrifty, fast growing grasses and 
legumes will mean fewer weed seedlings and fewer 
established weeds in the pasture. 


In the second place we should adopt a good ferti- 
lizing program. The time is long past when we should 
look upon a pasture as merely that part of the farm 
which isn't fit for anything else. Research work has 
shown that a good thrifty pasture can compare favor- 
ably and under certain conditions outstrip other agri- 
cultural land in production. Too often in the past, 
forage and that means minerals have been removed and 
nothing ever put back on the area. Grasses are no 
different than animals and human beings. They need 
minerals just as much as other plants and animals. 
Far too little organic or commercial manure is ever 
expended on pastures. We must encourage our farmers 
to realize that pastures to them are just as valuable 
as other types of crop land; that they must be cared 
for; that fertilizers must be applied on the area if 


good thrifty grasses are to grow. These build up a 
thrifty root system, enable the plants to grow faster, 
more vigorously, be more attractive to animals, offer 
more competition for undesirable weeds, keep weed seed- 
lings from becoming established and, in short, increase 
the carrying capacity of the pasture. 


In the third place, in pastures where a good many 
legumes are present we should encourage the adoption 
of a good mowing program. Many weeds in our pastures 
are annuals and regardless of whether such pastures 
are permanent pastures or rotation pastures seed pro- 
duction can be prevented by the use of a mower. For 
such weeds as ragweed, penny cress, downy bromegrass, 
squirrel tail grass and many other pasture pests, the 
repeated, judicious use of the mower cannot be over- 
emphasized. Annual weeds absolutely depend upon seed 
production for their existence. If seed production is 
prevented for one or two years remarkable inroads will 
be made against weed populations. This is especially 
true in the case of ragweed. For such perennial weeds 
as yarrow, vervain, sourdock, ironweed, mowing is, of 
course, not the complete answer, but it will prevent 
them from going to seed and spreading to new areas. 
Here the use of chemicals would accomplish perhaps more 
desirable results. Repeated mowing does more than con- 
trol weeds and prevent them from going to seed. It 
keeps the pasture grasses more even, in a better, thrif- 
tier, more luscious condition. It prevents such pee 
es from becoming old and tough and unpalatable. 
aside from the standpoint of controlling weeds, there 
is the incentive to keep grasses actively growing and 
more attractive to animals by a good program of repeat- 
ed mowing. 


In the fourth place, in rotation pastures clean 
cultivation can be an immense aid in weed control. In 
rotation pastures there is usually no trouble with such 
weedy or brushy pests as buckbrush, hazel brush, iron- 
weed, prickly ash, red sorrel, whorled milkweed, rag- 
weed, daisy fleabane and others. In fact clean culti- 
vation for the most part easily eliminates these robber 
pests. Many weeds such as morning glory, foxtails, 
barnyard grass, etc., which become problems in clean 
cultivated land are eliminated by thorough pasturing. 
Thus by rotating lands we have an excellent method of 
controlling weeds when it can be used. Organic mater- 
ial incorporated by such rotations eventually and usual- 
ly reflects in higher yields in other crops. Thus crop 
rotation when it can be practiced controls many pasture 
weeds and brushy plants and is profitable to the farmen 


In the fifth place, the adaptability of different 
grasses varies the country over. We must realize that 
some of the grasses which have always grown as a matter 
of course in our area may not necessarily be the ones 
which are best adapted. For instance, a bluegrass 
pasture which might be quite weedy and where the blue- 
grass becomes more or less dormant during the warm 
parts of the season, might well be given over into 
bromegrass which would make just as thrifty a growth in 
the spring and fall and possibly control weeds better 
during the summer. Furthermore it might increase carry- 
ing capacity of the pasture. Soil and moisture condi- 
tions vary tremendously the country over. Often a good 
deal of the carrying capacity of pastures is lost be- 
cause the best adapted grasses are not utilized for the 
particular area in question. Certain grasses may be 
more aggressive, are able to withstand heavier grazing, 
will not winter-kill. Some are more drouth resistant 
and aggressive to form good turf areas and furmmish for- 
age on the areas on which they are growing. The loca- 
tion of the land, whether it is upland, lowland or 
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shaded, also enters into the picture. There are other 
grasses such as brome grass, Reed's canary grass, or- 
chard grass, western wheat grass, etc., whicn can and 
should perhaps be utilized in place of bluegrass. Soil 
testing will show what is needed in the way of fertil- 
izer and lime. The applications of lime and fertilizers 
in the quantity designated by soil tests is a basic 
step in the pasture renovation program. The time of 
year when such work should be undertaken will vary the 
country over but should be advocated as the first step 
in the right direction toward improved pasture manage- 
ment conditions. The application of such material 
should be followed by a thorough reworking of the old 
areas and the seeding of adapted grasses and legumes 
recommended for that portion of the country in which 
the operator is located. A pasture improvement program 
automatically involves good stewardship of the land, 
the prevention of over-grazing along with the addition 
of mineral elements, the judicious use of the mower, 
and the use of water and soil conservation practices. 
All these will aid in increasing the carrying capacity 
of our pastures and keeping them weed free. Additional 
information on such pasture renovation programs are 
available from your local extension services. 


In the use of chemicals, treatment generally should 
be made early. This is especially true in the control 
of buckbrush, whorled milkweed, yarrow, ironweed and 
ragweed and of all other pasture weeds. In the case of 
annual weeds, treatment must be made early enough to 
prevent any and all seed production. Since many of our 
pastures contain easy to kill weeds as well as hard to 
kill weeds, we have advocated spraying using at least 
one pound of chemical per acre in as much water as the 
sprayer delivers per acre. Generally speaking, spray- 
ing pastures once or twice a year for two years in a 
row has resulted in remarkable improvement. We always 
caution our people to keep animals out of such sprayed 
areas in so far as possible unless they are absolutely 
positive that no poisonous plants are present. Most of 
our pastures contain at least some poisonous plants. 

In such sprayed areas, blue grass has made a tremendous 
comeback and has furnished much more forage than it 
ever did under weed infested conditions. Spraying has 
many advantages over other methods of control in that 
it is effective in the control of annual as well as 
perennial weeds. Usually it has to be done more than 
one year in succession in order to be effective. Fur- 
thermore, the presence of legumes is always a hazard 
in spraying and it is up to the individual farmer to 
ascertain whether he can secure the greatest benefit 
from a thorough spraying or from a thorough mowing pro- 
gram. A mowing program, of course, is not injurious to 
most legumes. 


Generally speaking, mowing also should be done 
early enough to prevent all seed production. It must 
also be done early enough before these weedy pest have 
absorbed much needed moisture ani nutrients and have 
stunted and shaded the desirable grassy plants. Usual- 
ly two mowings a year are necessary in most pastures. 
This is especially true when such early weedy pests as 
little barley, squirrel tail grass and penny cress are 
present and also when such later appearing plants as 
ragweed, wild hemp, Spanish needles, etc., are present. 
Usually a good pasture mowing or spraying program will 
begin to pay big dividends in about two years although 
decreased competition from weed plants is reflected 
even by increased carrying capacity the first year. 
Even at the end of one year remarkable inroads can be 
made if ragweed is kept from going to seed. The reason 
undoubtedly is that the ragweed seed and that of other 
annual pasture weeds fall to the surface of the ground 
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ami the freezing and thawing (scarifying) action makes 
most of it germinate the following year. It depends a 
great deal upon the operator of the type of lana in 
question, of the location, as to whether the man should 
use cultural or chemical methods of control. Usually 
there is room for both and one can nicely supplement 
the other. The operator must decide individually which 
program will be of greatest benefit to him. Our job is 
to show him where chemicals and cultural practices best 
dovetail to give maximum increased carrying capacity 
and profit to him. 


MOWING VS. SPRAYING FOR PASTURE WEED CONTROL 
J. W. Zahnley 


The practice of mowing weeds to reduce or prevent 
seed production is carried on almost universally. In 
the case of perennial weeds the additional purpose of 
weakening the plant is accomplished. It is a well 
known fact that no green plant can survive if the top 
growth is restricted to the extent that root reserves 
are exhausted. The need for some means of improving 
the productive capacity of pastures was shown by gener- 
al observations in 92 counties of Kansas in 1928. A 
survey of 97 pastures chosen more or less at random 
over the entire state was made. It was found that 93 
of these pastures were below normal in density and 
that 26.4 percent of the vegetation present consisted 
of weeds. About that time attention was called to the 
fact that restriction of top growth weakened the plant. 
The work of Salmon, et al (1) and of Graber et al (2) 
had shown that there was a definite relation between the 
time of cutting alfalfa and the maintenance of the 
stand. Smith (3) had noted the effect of time of cut- 
ting bracken fern upon its ability to survive. Grand- 
field (4) carried this to other weeds. He studied the 
effect of time of cutting upon the organic food re- 
serves in the roots and injury to the stand of three 
of the most common perennial weeds in the bluestem 
pastures of Kansas. The species chosen were stiff 
goldenrod (Sonide o rigida), hoary vervain (Verbena 
stricta), @rnonia baldwini). “In each of 
These species, the low point in root reserves occurred 
just before the plant began to show buds. From that 
time to maturity there was an increase of approximately 
24% in the amount of total carbohydrates and 17% in the 
total nitrogen. Theoretically, therefore, cutting be- 
tween first bud to early bloom would tend to stop the 
storage of reserves and starve the plant. This reduces 
the vigor of growth the following season and if repeat- 
ed destroys the weed. 


All of the experimental work in Kansas with herbac- 
eous perennial broad leafed plants has shown the low 
point of their food reserves to be just before the first 
flowers appear. This period seems to correspond with 
their low point of resistance to eradication measures. 
The appearance of bloom buds is, therefore, the best 
known guide to the time when mowing will be most effec- 
tive. Aldous (5) found that mowing at the proper time 
in two successive years practically eliminated mst 
species of perennial weeds including hoary vervain, 
stiff and Missouri goldenrod, and ironweed. Cutting a 
third season was necessary to complete elimination of 
some species including willowleaf sunflower and the 
woody shrubs. 


The effectiveness of mowing, therefore, depends 
upon the stage of growth at which the work is done. 
Since the proper stage for different species does not 


occur at the same time, there is no one date when mow- 
ing will be fully effective on all species. The recom- 
mended dates for cutting each of the most common weeds 
of Kansas bluestem pastures are as follows: 


Ironweed June 1 to June 20 
(Vernonia baldwini ) 


Vervain June 1 to June 20 
(Verbena stricta) 


Stiff goldenrod 
(Solidago rigida) 


Missouri goldenrod 
(Solidago glaberrima) 


June 20 to July 10 


July 20 to August 10 


Heath aster August 1 to August 20 
(Aster ericoides) 
Silky aster July 20 to August 10 


(Aster sericeus) 


Willowleaf sunflower 


June 10 to June 20 
(Helianthus salicifolius) 


(The a two named have considerable value for graz- 
ing. 


This tabulation shows that there is a range of 
approximately two months in the time at which mowing 
will be most effective for the few species named. 
Perhaps the best that can be done is to mow at the most 
desirable date for the species that are dominant and 
repeat the mowing at an earlier or later date as re- 
quired for the remaining species after the dominant 
ones have been eliminated. 


A similar probiem is involved in the case of annual 
weeds. As a rule mowing should be done at the first 
Sign of bloom. Earlier mowing may result in resprout- 
ing from the stubble and the mowing too late permits 
the development of seed that may be mature enough to 
germinate. No one date will be fully effective on all 
or even a majority of annual species. For example, 
gumweed (Grindelia squarrosa) should be cut about July 
1 while annual broomwe tierrezia dracunculoides ) 
usually reaches the proper stage about August 10. Mow- 
ing, if properly done, has the advantage over spraying 
in that it may be used to control such noxious annual 
grasses as chess and little barley. Seed production 
can be greatly reduced by mowing chess as soon as it 
is fully headed while little barley must be cut as soon 
as the first heads appear. 


Advantages and disadvantages of mowing: Compared 
with spraying mowing is less destructive to many de- 
sirable broadleafed plants, particularly the legumes. 
Low growing species of wild lespedeza suffer little 
damage from mowing. Although these are somewhat tol- 
erant to chemicals, they are usually injured suffic- 
iently to prevent seed production. Small farm pastures 
in regions of diversified farming cannot be sprayed 
without danger of damage to susceptible crops nearby. 
Alfalfa, potatoes, garden vegetables, orchards, and 
vineyards have suffered severely from chemicals applied 
to pastures a half mile or more from the susceptible 
crop. 


The effectiveness of mowing to prevent seed pro- 
duction of annual weeds of the grass family, such as 
chess, little barley, and squirreltail barley favors 
mowing over spraying where these weeds occur. 


Among the disadvantages of mowing compared with 
spraying, the following should be considered. 


1. Mowing is more expensive and impractical on 
extensive areas, as large pastures or ramges. 


2. On steep slopes, rocky hillsides, and gullied 
land, mowing is often impossible. 


3. Heavy brush or trees in the pasture make mow- 
ing difficult or impractical. 


4. Pasture mowing is usually damaging to mowing 
equipment. 


5. Close mowing removes some of the grass. The 
mower should be set as high as possible with- 
out reducing the damaging effect on the weeds. 


Importance of combining good pasture management with 
mowing or spraying.—It is fortunate for this audience 
that Dr. Sylwester had the opportunity of treating the 
subject of pasture management before my turn came to 
speak. He has covered the subject so well that for me 
to try to add to what has been said seems presumptuous. 
Good pasture management is so fundamental amd its appli- 
cation so logical, so practical, and so sound economic- 
ally that it should meet with universal approval. 

Quite the contrary is true. In the bluestem region of 
Kansas the pastures are burned early in the spring so 
that grazing can be started ten days to two weeks earl- 
ier. Then the carrying capacity is exceeded by the ad- 
dition of too many animals. The grass becomes weakened 
by overgrazing and the weeds begin to come in; then we 
hear the familiar expression "The weeds are taking my 
pasture." Weeds do not crowd out the grass and take 
over the pasture. Weeds merely occupy the vacant spaces 
caused by mismanagement; perhaps this is an application 
of principle that "nature abhors a vacuum." Weeds come 
in to heal the scars--the vacant spaces in the soil 
cover-that stand out so vividly as a reproach for the 
iniquities of man. 


I asked Dr. K. L. Anderson, in charge of pasture 
improvement, for information about mowing to control 
weeds in pastures. In the course of our conversation 
he made this statement: "No means of weed eradication 
or control is of any permanent value unless the grazing 
practices are adjusted to fit the growth requirements of 
the grass." 


Weeds are the result--not the cause--of pasture de- 
pletion. Consequently, there is little to be accomplish- 
ed by mowing or by chemical treatment unless accompani- 
ed by the necessary changes in management which will re- 
move the cause of the depletion. Our recommendations 
for weed control by mechanical means or by the use of 
chemicals should be accompanied by recommendations of 
methods of pasture management. 
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CHEMICAL WEED CONTROL ON SEMI-ARID RANGES OF THE . 
SOUTHERN GREAT PLAINS 


E. H. McIlvain 


The semi-arid ranges of the Southern Great Plains 
are located in the western one-third of Kansas and 
Oklahoma, the southeastern one-fourth of Colorado, the 
eastern one-fourth of New Mexico, and the Texas Pan- 
handle. Extremes of soil and climate make the grass- 
lands of this region, at times, one of the most vulner- 
able areas in the nation to weed damage. Soils are of 
four main types; hard, semi-hard,rough-broken, and 
sandy. Lines of equal precipitation run generally 
from northeast to southwest and the annual average 
varies from 23 inches in the south and east to about 
14 inches in the north and west. Snow occurs through- 
out the region. Annual precipitation at Woodward, 
Okla. has ranged from 10.5 to 41.0 inches. The actual 
extremes of precipitation in the drier portion of the 
region are not as wide, but percentage differences are 
also great. Temperature near Woodward, Okla., has 
varied from-27°F to 113°F, and changes of great magni- 
tude occur often and suddenly during winter. 


Major topographic divisions of the Southern Great 
Plains are the High Plains in the northern and western 
area, and the Rolling Plains in the southern and east- 
ern portion. The High Plains are predominately hard- 
land, amd are normally covered with a dense stam of 
weed-free, short and mid grasses such as blue grama, 
buffalo grass, side-oats grama, and western wheatgrass. 
The Rolling Plains are largely semi-hardland. They 
usually support some tall grasses and more mid grasses 
and fewer short grasses than the High Plains. Also 
weeds and shrubs are more common. Rough-broken and 
sandy areas are intermingled and interlaced throughout 
both the High and Rolling Plains, mostly along the 
drainage lines. The rough-broken and sandy ranges con- 
stitute about one-third to one-half of the total grass- 
land in the Southern Great Plains. Climax vegetation 
on the sandy soils is made up mostly of tall grasses 
such as sand bluestem, little bluestem, switchgrass, 
Indian grass, and sand lovegrass. Weeds and brusn be- 
come even more of a problem on these soils. 


Throughout the region, soils that have been abused, 
misused, or denuded are capable ot supporting a dense 
stand of weeds during moist growing seasons. The weeds 
are usually a prolific and vigorous mixture of annual 
or perennial--broad leaved, grass, or grass-like -- 
poisonous or non-poigonous -- palatable or unpalatable 
-- umwanted plants which competé seriously for soil 
moisture, nutrients, and sunlight. 


The perennial pests include, in approximate order 
of regional importance, sand sagebrush, sninnery oak, 
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mesquite, broom snakeweed, prickly pear cactus, rag- 
weed, golden aster, and prairie thistle. Major annual 
forbs are sunflowers, Russian thistle, pigweed, lambs- 
quarter, broomweed, Texas croton, annual buckwheat, 
marestail, gaillardia, and puncture vine. The most com- 
mon annual grasses include sandbur, crabgrass, tickle 
grass, stink grass, foxtail, and cheatgrass. The 
poisonous plants of major economic importance are shin- 
nery oak, Johnson Ss, cocklebur, poisorm horseweed, 
whorled milkweed, ian hemp, black nightshade, and 
loco weed. 


These rangeland weeds cause great economic damage 
and loss to livestock producers each year. However, 
there is only meager quantitative data on this subject. 
One ot the most clear-cut illustrations o1 the economic 
waste caused by rangeland weeds is provided by the 
grazing experiments at Woodward, Oklahoma as reported 
by McIlvain and Savage (8). (Figures in parenthesis 
refer to literature cited). Duplicate pastures were 
mowed for sand sagebrush control in June 19] and 192, 
deferred during the summers of those years, and grazed 
in comparison with untreated pastures for the past 9 
summers. The improved pastures carried 27 percent more 
cattle, increased gain per head 32 pounds, produced 51 
percent more beef per acre, and increased profits 60 
percent, or by a margin of $3.Clh per acre. Another 
pasture was improved by brush control and grazed year 
long in comparison with non-treated native range for 
the past 6 years. The brush-controlled pasture carried 
70 percent more cattle, produced 72 percent more beef, 
and increased profits 70 percent or $3.18 per acre. 


Forage production was materially increased by the 
control treatments. Mowing and deferment eradicated 
about 80 percent of tne sagebrush plants and greatly 
reduced the vigor of the remainder. The foliage den- 
sity of sagebrush on the treated pastures in 1951 was 
only 1/5 of the amount present in 190. In contrast 
with this, the sagebrush density on the untreated 
pastures nad increased 16 percent during the 10 year 
period, table 1. Concurrent increases in grass density 
amounted to 160 percent on the brush-covered pastures 
and 260 percent on the brush-controlled pastures. With 
much of the brush removed, the grasses were able to 
make better use of favorabie growing conditions. 


These convincing results were obtained on sandy 
range where sand sagebrush occupied only 35 percent of 
the total ground surface. Other weeds often occur much 
thicker. W. C. Elder (2) reports that over 1 ton of 
air-dry ragweed was cut from an area near Coalgate, 
Oklahoma. He also states heavily infested areas in 
other parts of tne state had 5 to 8 ragweeds per square 
foot which produced 1000 pounds of dry weight per acre. 
Harold Hopkins, et al. (5) in reporting a study on 
burned-over prairie in west-central Kansas observed 
that in addition to fire damage to grass, additional 
injury was also caused by the phenomenal growth of rag- 
weed, 182 plants per square meter which greatly sup- 
pressed forage production and stand-recovery of the 
grass. 


R. R. Lancaster (7) states .... "Texas animal pro- 
duction could be doubled by clearing and mowing several 
million acres of low land along streams, on overflow 
crop land, and in low swales of deep, moist, fertile 
soil now overgrown with brush, bloodweeds, careless 
weeds, sunflowers, briars, and worthless shrubs of many 
kinds". Lancaster also reported on results of the Spur, 
Texas, Station where buffalo grass spread from 10 per- 
cent to 75 percent under experimental mowing on deep, 
low soil. Mowing reduced the winter grass, little bar- 
ley, and such summer weeds as broomweed, careless weed, 


Table l. 


Change in density of vegetation on mowed and untreated pastures from 


1940 to 1951 
Brush Increase or decrease in 
Control Blue Sand sc. i) 
Treatment _grama dropseed grass* grass grass GRASS forbs shrubs vege. 
Average of duplicate pastures mowed and deferred in 19u1 and 19ue: 
3.5 2.4 3.9 -368.2 -21.2 
Percent 50 -2 350 1500 2 260 109 -83 -50 
Average of duplicate pastures not treated except for deferment in 191: 
Actual 3.5 9 3.0 2.7 T 8.3 =k 4.6 12.8 
Percent 150 500 960 -30 160 lo 36 


*Sand biuestem, little bluestem, sand lovegrass, switchgrass, and Indian grass 


bull thistle, and poisonous bitterweed. 


These few specific experimental determinations of 
economic damage caused by weeds iilustrate the immensi- 
ty of the problem in the Southern Great Piains. Dense 
stands of all the noxious brush and weeds can be expect 
ed to produce similar disastrous losses. 


Control of rangeland weeds with chemicals offers 
the greatest promise of modern agriculture to livestock 
producers in this grassiand region. Actual eradication 
or control of nearly all species is now possible with 
2,4u-D, 2,4,5-T, TCA, IPC, or the new chloro IPC. While 
control is possible at the present time not ail species 
can be economicaily treated. More investigational work 
on formulations, rates, dates, and methods of applica- 
tion are needed before we have practical solutions to 
ali our brush and weed problems. Shafer and Klingman 
(9) have emphasized that since 2,4)-D has focused weed 
control work on use of chemicals, too little attention 
has been given to tne old established weed control 
measures. Although this observation is undoubtedly 
sound for cultivated land, a safe statement concerning 
semi-arid range land is that chemicais offer the best, 


and in many instances, the only practical solution to 
weed control. 


A few generalizations can be made concerning chem- 
ical weed control of rangeland. Weeds should be treat- 
ed generally in the early spring when they are young, 
leafy, growing rapidly, and before they have offered 
damaging competition to the grass (i). Less chemical 
is required for effective control at this time and the 
operation is thus made cheaper besides being more ef- 
fective. 


The lethal rates of chemical can also be generaliz- 
ed to a certain extent. Less chemical is required to 
kill annual weeds than perennial ones. Usually 1/3 to 
1/2 pound of acid equivalent of the ester form of 2,l-D 
is sufficient for annual weeds, whereas 2/3 to 1 pound 
is required for perennial brush and weeds. If 1 pound 
of 2,u-D or 2,4,5-T is not lethal on small herbaceous 
plants such as pasture weeds and brush, a single appli- 
cation of a heavier rate, say 2, 3, or k pounds is 
seldom any more effective. However, two or more l- 
pound applications in successive years at the proper 
time usually gives excellent results. For instance, 
shinnery oak near Woodward, Oklahoma, resprouts vigor- 
ousiy in the spring following application of 1 pound 
acid equivalent of either 2,4-D or 2,u,5-T ester. 
Single applications of heavier rates up to pounds 
give no greater control. But 2 or 3 successive yearly 
applications of 1 pound of chemical result in excellent, 
but yet too costly, control. This principle seems to 
apply to severai hard-to-kill species. 
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The following generalities can be made regarding ~ 
carriers for herbicides. The quantity of carrier 
required for effective brush and weed control on range- 
iand lies between a minimum of 1 gallon per acre and 
maximum of 5 gallons per acre, depending upon the type 
of carrier, the method of application, weather condi- 
tions, and the density and nature of leaf-surface of 
the plants being treated. The greater the percentage 
of oii in the carrier, the less total volume is re- 
quired. Evaporation rate of the spray solution in the 
air can be a serious factor when using low volume of 
carrier, particularly on days of low relative humidity. 
Oil or water-oil emulsions are usuaily superior to 
water solutions in such cases, and especially so on 
waxy-leaved plants. However, large quantities of oil 
carrier sometimes result in surface burning of plant 
tissues and less total herbicidal effect on the plant. 
This factor plus greater cost both point toward limited 


use of high quantities of pure 011 solutions as car- 
riers. 


The quantity of carrier can be decreased with a 
decrease in spray-droplet size down to the point where 
drift, evaporation, etc., dissipate the herbicide too 
greatly. Medium-coarse droplets are generally prefer- 
able to either fine mists or rain-type droplets. Air- 
planes are usually more successful with low volumes 
than ground sprayers because of greater speed and larger 
nozzle apertures which do not clog as readily (3). 
According to Kratochvil and Stahler (6), and others, 
the quantity of carrier required is about proportional 
to the quantity of plant material to be covered, i.e., 
more foliage requires more carrier. 


Specific recommendations for control of the follow- 
ing brush and weed species are given on the basis of 
tests conducted at the Woodward Station since 196. 
Intensive spraying investigations on 7 major species 
of brush and weeds have also given much supporting in- 
formation regarding chemical effects on other species 
which were present in the plots. 


Sand brush can be satisfactorily controlled 
by es ther mechanical or chemical treatment, but the 
chemical method is usually cheaper, faster, and more 
effective. Usually one spraying will suffice, but 
grazing should be deferred or light for 2 successive 
summers. When kill from the first spraying is unsatis- 
factory, re-treatment usually yields excellent results. 
Chemicai control of sand sagebrush is erfective only 
when the plants are growing actively and after they 
have reached full ieaf. This period is from about 


May 1 to June 15, depending upon latitude and earliness 
of season. 


The most effective spray solution for sand sage- 


brush is 1 pound acid equivalent of 2,l\-D in form of 
ester, in 3 gallons of diesel oil or in an emulsion 
of 2 gallons of water and 1 gallon of diesel oil. 
Also effective is a solution of 1-1/ pounds acid 
equivalent of 2,l-D in form of amine or sodium salt 
in an emulsion of 2 to gallons of diesel oil. The 
chemical, 2,),5-T is not effective on this plant. 
Sand sagebrush cannot be controlled effectively when 
April-May precipitation and temperatures are below. 
normal and plant growth is late and slow. Adequate 
rainfall and good growing conditions are essential. 
These favorable conditions may prevail in localized 
areas, indicating the need for studying local condi- 
tions before attempting a particular spray job. 


Skunkbrush is controlled equally as well as sand 
sagebrush by thie same chemical treatment applied at 
the same time. It is not so well controlled by mechan- 
ical means. 


Perennial broomweed (snakeweed or turpentine weed) 
and golden aster can be controlled effectively with 
the same spray technique, formulation, date, and rate 
as used on sand sagebrush. Perennial broomweed and 
golden aster usually occur on hard land. 


Control of pricey. pear cactus and (soapweed ) 
appears p sing a We spray of a 2 percent 
solution of 2,4,5-T. Approximately 1 quart of 2,4,5-T 
(concentration of 3.3 pounds per gal.) emulsified in 
gallons water and 1 gallon diesel oil, makes a 2 
percent solution which can be applied in April, May, 
or June to yucca, and in September to prickly pear at 
a material cost of about 1 cent per plant. This treat- 
ment, when thoroughly applied, has resulted in 100 per- 
cent kill of all cactus and about 60 percent kill of 
all yucca plants. However, further work is necessary 
before final recommendations can be made. 


Shinnery Oak has been defoliated but not effective- 
ly controtied by any of the many chemicals applied at 
Woodward. Top kills above 90 percent have been obtain- 
ed with both and 2,l,5-T. Associated grasses 
were greatly increased in forage production but root 
kill of the brush was inadequate. A comprehensive 
series of trials involving consecutive seasonal and 
annual spraying of both foliage and stems is in progress. 
It is hoped that practical control measures can be de- 
veloped from continuation of this work. Burning or 
mowing at intervals of 3 to 5 years offers the only 
practical control at the present time. 


Most annual pasture weeds including sunflower, 
Russian thistle, pigweed, lambsquarter, Texas croton, 
annual buckwheat, gaillardia, etc., can be profitably 
controlled by spraying in early spring when they are 
2 to 6 inches high with one-half pound acid equivalent 
of 2,4-D ester in 1 to 3 gallons of diesel oil or 
water-oil emulsion per acre. 


Most poisonous plants can be economically treated 
by hand spraying plants or small clumps 
with a wetting spray of a solution of 2,000 to 5,000 
parts per million of herbicide. The chemical 2,l,-D 
is effective on most non-legumes while 2,4,5-T should 
be used on the leguminous poison plants such as loco 
and larkspur. 


Johnson grass, according to Elder (l), can be most 
effectively controlled by spraying regrowth shoots that 
are 12 to 18 inches high in June and July with about 1 
pound of TA in 1 gallon of water per square rod. Spot 
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retreatment may be necessary for complete eradication. 


Annual grass control appears promising in the 
not-too-distent future with IPC or Chloro IPC (10). 


Some investigators are finding a significant differen- 
tial tolerance between perennial and annual grasses 
to Chloro IPC. R. M. Blouch at Fort Collins, Colo. 
reports nearly 100 percent control of cheatgrass 
seedlings in established stands of blue grama, needle 
grass, and dropseed with no effect on the perennial 
grasses when 2); pounds of Chloro IPC in 80 gallons of 
water were used per acre in September. 


Weed competition in seedl rasses should be 
controlled by mowing as often as necessary to reduce 


heavy shading or excessive use of moisture. Two mow- 
ings are usually required during the first growing 
season, and one the second. Use of 2,l-D for weed 
control the first growing season is not recommended 
because annual and weedy grasses often increase great- 
ly after spraying and do more harm than the original 
weed cover. After the stand is firmly established and 
occupying most of the ground, 2,l\-D can be successfully 
used by spraying the weeds in early spring when they 
are 2 to 6 inches high with 1/2 pound acid equivalent 
of 2,4-D ester in 1 to 3 gallons of diesel oil or water. 
oil emlsion per acre. 


Improved pastures mst be carefully managed to 
prevent over-use and reinfestation of noxious plants. 
Brush and weed control is most advantageous when de- 
ferred or light grazing is practiced during 2 growing 
seasons at the outset and moderate grazing is practiced 
in the future. Cattle tend to concentrate on areas 
where brush and weeds have been controlled, therefore 
it is highly advisable to treat all of a pasture or 
else the treated portion is almost certain to be over- 
grazed. 


Spraying of brush has one all-important advantage. 
It kills or severely damages the competing plants with- 
out eliminating their value in protecting grass from 
livestock grazing at the outset. Inadvertent, forced, 
or careless overgrazing of cleared range may result in 
near-complete eradication of all desirable forage 
species. Thus, the practical recommendation for safely 
and economically increasing forage production in the 
Southern Great Plains is to spray for brush and weed 
control, defer grazing for two successive growing 
seasons, then graze moderately thereafter on a year- 
long basis. It cannot be over-emphasized that abusive 
use of cleared range will result in a poorer pasture 
than will abusive use of native range where the de- 
sirable forage grasses are protected by brush. 
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REMARKS ON PRESENTATION OF NORTH CENTRAL WEED CONTROL 


1951 AWARDS TO COUNTY AGRICULTURAL AGENT AND 


COUNTY WEED CONTROL OFFICIALS 


Earl D. Anderson 


(Brief summary of weed control work of Herb Hokanson, 
County Weed Supervisor, Roberts County, South Dakota.) 


Herbert Hokanson of Sisseton, South Dakota began 
work as a county weed supervisor in Roberts County Jan- 
uary 1, 1947. He has served continuously since that 
time with remarkably fine results as to weed control and 
public relations. When a confidential vote was taken 
among other weed supervisors as to who was the outstand- 
ing supervisor in the state, he received an almost 
unanimous first place. 


His work has been of such high caliber that his re- 
quested budget has never been questioned and has ranged 
from $8,000.00 to $15,640.00 per year. 


His county is well organized. He has 149 local 
weed control leaders in a county of approximately 2,100 
farmers. The county is divided into 12 communities or 
districts with an elected weed representative in each. 
These representatives have an annual meeting for the 
election of one of their number to the county weed 
board. This county weed board meets once a month to dir- 
ect the work of the supervisor ami review past work. 


With the cooperation of the extension service, he 
has carried on a full educational program, which has 
reached every neighborhood in the county. He has carried 
a full load of result and method demonstrations each 
year. He has cooperated with and secured cooperation of 
all agencies such as County Crop Improvement Association, 
Soil Conservation Service, P.M.A., County Commissioners, 
County and State Extension Service,  H Clubs, Veteran's 
Agriculture Classes, township boards and farm groups. 


He has assisted with, and spoken at, meetings in 
other counties, and also in the states of North Dakota 
and Minnesota. He has taken an active part and leader- 
ship in state and district weed conferences, 


His public relations have been of such unusual 


quality that the county weed control program has firm 
support in both town and country. He has secured co- 
operation of railroads, school and public lands com- 
mission, Army Engineers, Indian Service, public and 
parochial schools, state, federal, county ami township 
road agencies, Fish and Game Commission and Wild Life 
Service, 


Mr. Hokanson was instrumental in setting up a course 
of study in weed identification and control for public 
and parochial schools, wiich has proven to be somewhat 
of a model for other counties to follw,. 


He has prepared exhibits for the state fair for two 
years, (one a sweepstakes winner), did most of the pre- 
paration for the South Dakota exhibit at the North Cen- 
tral Weed Control Conference at Milwaukee in 1950 and 
assisted in setting up the same exhibit at our State 
Weed Conference. 


He has been instrumental in preparing large ft. 
x 8 ft. mounts of perennial sow thistle and Canada this- 
tle showing full root systems, top growth and flowers. 
These have attracted wide attention. 


His county weed survey map (approximately 5 ft. x 
7 ft.) on his office wall is an unusual one for detail 
and completeness. He had made his services available 
to every farm in the county. 


Mr. Hokanson has arranged, and with the cooperation 
of other agencies, has held an annual weed banquet for 
his weed control leaders for the past three years, This 
has been held in early July each year and has had an at~- 
tendance of over 100 in each case, 


Every avenue for dispersal of weed control informa- 
tion has been used by Mr. Hokansons both daily and week- 
ly newspapers have used regular contributions from his 
office, he has used the radio, circular letters, post- 
ers, phamphlets, field md inside meetings, demonstra- 
tion plot signs, schools and general meetings of ser- 
vice clubs and farm groups, etc. 


(Brief summary of weed control work of A. B. Hagen, 
County Agricultural Agent, Murray County, Minnesota.) 


Weed control was well established in Murray County, 
Minnesota when the present county agent, A. B. Hagen, 
arrived at Slayton. A strong section-man system was 
functioning with section-men reporting on over 1,200 
farms in 1936, Meetings were held with section-men and 
township officials and farms that were classed as pro- 
blem farms were given special attention at weed control 
clinics being held in all townships. Seventy-thousand 
1. of sodium chlorate were used in the county in 
1936. 


Early in 1937 section-men again made a farm to farm 
survey, they reported one hundred and seventy-five farms 
infested with field bindweed (Creeping Jenny) and one 
thousand farms with Canadian thistle. The county spray- 
ing equipment was called to sixty-five farms during the 
year 1937. The results that they obtained were observed 
by farmers when a series of tours were held in the fall 
of 1937. 


Section-men continued to function and in 1939 and 
1940 individual townships began buying sprayers and 
spreaders for the dry application of chlorate. By 1940 


nine townships had purchased spreaders and one township 
a power sprayer. 


The baling and hauling of flax straw in 191 creat- 
ed a new problem and three district meetings were held 
to consider methods of handling flax straw with the 
least spreading of weed seed. Farmers were becoming 
more and more weed conscious and were urged to test 
their seed before planting. Seed envelopes were furnish- 
ed free of charge at the county extension office start- 
ing in the spring of 1941. Twelve hundred farmers avail- 
ed themselves of these seed envelopes. During the year 
assistance was secured from the State Seed Testing Lab- 
oratory and.the Extension Agronomists in conducting seed 
control meetings. 


In 1942 and 1943 thirty-five clinics were held on 
problem farms, Up until 194 the county weed supervis- 
ors job had been on a summer month basis. In 194 the 
county board employed a year around weed man, who has 
been employed continuously since that time, The re- 
sults of his first year's work in the county were: 
140,000 pounds of chlorate used, 160,000 pounds of Bor- 
ascu applied, and 23,000 seed envelopes distributed, 
The first demonstrations of a dinitro spray were also 
established in 19k. 


With the coming of 2,l-D and dinitro spray in 1915, 
five demonstrations were established, Results proved 
very good and on the basis of these demonstrations the 
County Board of Commissioners purchased the first field 
sprayer to be used for demonstration purposes. 


these demonstrations the agent assisted thirty far.ers 
and six townships in purchasing sprayers in 1947. This 
year, 12,000 acres of flax and 13,000 acres of other 
crops were treated. In 1948 this grew to 81,000 acres 
of small grain and corn treated. An indication of the 
popularity of treating grains and corn with 2,li-D were 
the figures of 1949 when approximately 88,000 acres of 
grain and 66,000 acres of corn and 9,000 acres of pas- 
tures were treated. 


A survey in 1950 indicated that ninety-five percent 
of the farmers in the county now own their own power 
spraying equipment and do a very effective job of weed 
control, The section-man system is no longer necessary 
and has been dropped. However, weed control demonstra- 
tions, newspaper publicity, am schools for the opera- 
tion of sprayers play an important part in the present 
weed program, 


A good crop rotation is without doubt the best weed 
control weapon the farmer has at his disposal, In 19h1 
TVA cooperators started to demonstrate this fact through 
the use of workable crop rotations along with the ade- 
quate use of fertilizers. Since that time hundreds of 
farmers who had weed problems have been assisted in set- 
ting up rotations on their farms designed to build soil 
and kill weeds. Local editors and radio stations have 
given assistance in all extension activities and have 
contributed generously to the weed program of the county. 


This is the record of a program for which county 
agent Hagen has provided able leadership in the period 
1936-1951 and which has had a far reaching effect on the 
people of this and adjoining counties and in fact upon 


Sixty-three demonstrations were established in 1946 the whole state, (Table 1) 
where entire fields were treated with dinitro sprays and 
2,4-D to control weeds in growing grain. As a result of 
tgs. Auction Sprayers Chlorate 
used-lbs. used-lbs. Blackfallow Acres Acres. and Demon- Sales Purchased Spreaders 
Sprayed sprayed strations Checked by Indi- Purchased 
viduals by 
Townships 
1936 70, 000 2,000 i 
1937 66,000 1,800 35 
1938 76,000 1,600 37 
1939 50,000 1,400 28 
1940 56, 754 1,100 26 1 9 
1941 46,974 1,600 30 
1942 76,000 1,400 23 
1943 86,000 1,700 31 
1944 140,550 160,000 1,900 45 
1945 114,600 152,000 2,500 5 50 22 
1946 97,000 160,000 2,970 750 1,200 63 17 2 
1947 80,000 1,200 12,000 13,000 70 21 23 
1948 70,000 660 900 1,000 81,500 95 12 1,450 
1949 60,000 1,100 20 164,580 56 16 1,850 
Polybor Chlorate 
1950 20,000 1,000 860 116,280 46 10 1,860 
1951 7,600 2,200 780 110,500 50 9 1,863 
1,117,478 475,860 24,740 13,770 487,065 711 107 9 
1936-1943 Part time weed supervisor employed during summer months. 
1944 Full time weed supervisor employed. 
1945 2,4-D first used, a tractor, duckfoot plow, a power sprayer with 40’ boom and mower 
bought by county. 
1947 Met 180 out of county groups relative to use of 2,4-D. 
Table 
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SUMMARY 


"COMMON SENSE versus CONFUSION" 
Howard J. Gramlich 


Agriculture has experienced more changes in the 
past 25 years than in the preceding 2,000 years. One 
hundred years ago 9 percent of all the energy expend- 
ed on a farm was muscle -- either man, horse or mule; 
today this has been completely reversed with 9 per- 
cent of the work being done by mechanical means and 
only 6 percent muscle, 


Big machinery again proved to be the hero of the 
day. Powerful tractors equipped with headlights and 
run by willing operators who know nothing of the 0 
hour week made it possible to do a pretty good job of 
farming under all sorts of handicaps. 


One hundred vears ago it required five hours of a 
man's time to produce one bushel of corn, The hoe and 
a strong back were the chief requirements, Following 
World War I we cut the time down to 21 minutes and to- 
day in the Corn Belt thousands of farmers are produc- 
ing one bushel of corn in two minute's time, Mechan- 
ization, hybrid corn, fertilizer and "know how" all 
combined to make this possible, 


We are now speed conscious, The oxen and covered 
wagons which moved the pioneers 100 years ago did so at 
the speed of the proverbial snail. Later, with the 
horse and buggy we jogged along at eight miles per hour. 
Today, the beautiful streamlined trains which cross the 
prairie every few hours move at one hundred and fifty 
feet per second. The streamliner travels as far in one 
minute as the ox team did in one hour. Is it any won- 
der our outlook is changing? 


We are living in an era of nerves, The pace at 
which we are going today tends to make us this way, 
Everything is being done on a "split second" basis. 

A split second is the time which elapses after the 
street light turns green and the chap behind you honks 
his horn. 

How proud we should be that we are Americans. 
America is the greatest country in the world in five re- 
spects. We are the best fed, the richest and best edu- 
cated. We can be justly proud of the degree to which we 
excell in these three. The other two are not much to 
brag about. We are the most wasteful of all people. We 
are careless of our human resources, our soil, water, 
food and our mineral resources, We are only beginning 
to touch on conservation and until we realize its full 
significance we will continue to be the world's most 
wasteful people. 


Lastly we are the biggest "crabbers" in the world. 
We complain about this and that. Fortunately we live 
in a country where we can do this. Were we behind the 
Iron Curtain any utterance in the nature of a compleint 
would undoubtedly be disastrous. It is alright to com- 
plain occasionally; however, we should not overdo it. 


Tomorrow offers a challenge. We must be open-mind- 
ed, There will be continuous change and we must accept 
that part of it which will help us. An old man was 
recently asked his age - he replied "92." He was then 
asked, "I suppose you have seen many changes in your 
time?” "Yep," he replied, "and I've been agin' all of 
‘em." We cannot feel tuat way and succeed today, 
Flexibility stands as the most necessary characteristic 


for us to possess. 
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THE STATUS OF HERBICIDE POISONING 


Cc. J. Willard 


Those of you who were at Milwaukee may remember that 
I discussed a similar topic there. In this talk as in 
the one at Milwaukee, I am acting as a reporter. I have 
done almost no work personally in this field. If today- 
's talk has any merit, it is due to the cooperation of 
the many people who have told me of their experiences in 
this field, I should like, therefore, first of all, to 
thank the men who have furnished me the material. I 
have had letters, data, or comments from Walter S. Ball, 
California State Department of Agriculture, Sacramento; 
Keith Barrons, Dow Chemical Co., Midland, Michigan; 
Robert H. Beatty, American Chemical Paint Co., Ambler, 
Pennsylvania; Lyle Derscheid, South Dakota Agricultural 
Experiment Station, Brookings, South Dakota; S. H. Dob- 
son, North Carolina State College, Raleigh; W. C. Dutton, 
Dow Chemical Co., Midland, Michigan; Stanford N. Fertig, 
Cornell University, Ithaca, N. Y.; Howard C, Ferguson, 
Peng Line Service, Scottdale, Pennsylvania; B. H. Grig- 
by,© Michigan State College, East Lansings L. W. Goss, 
Department of Veterinary Medicine, Ohio State University, 
Columbus; Homer L. Jacobs, Davey Tree Expert Co., Kent, 
Ohio; Fred Karlovetz, Commercial Chemical Co., Gibson- 
burg, Ohio; Ralph I. Kauffman, Asplundh Tree Expert Co., 
Jenkintown, Pennsylvania; Dayton L. Klingmm, Nebraska 
Agricultural Experiment Station, Lincoln; Oliver C. Lee, 
Purdue University, Lafayette, Indiana; Robert A. Peters, 
University of Connecticut, Storrs; W. H. Prichard, Col- 
lege of Veterinary Medicine, University of Minnesota, 
St. Paul; W. R. Rossman, Potomac Edison Co., Hagerstown, 
Maryland; Warren C, Shaw, Division of Weed Investigations 
U. S. Department of Agriculture, Beltsville, Maryland; 
F. W. Slife, Illinois Agricultural Experiment Station, 
Urbana; E. P. Sylwester, Iowa State College, Ames; and 
several others who wrote that they knew of no cases of 
poisoning in their areas. Without the material from 
these men, there would be no talk today. 


I should like to outline more definitely the ground 
I wish to cover, There is a still unsettled argument 
concerning the poisonous properties of sodium chlorate, 
which I do not wish to go into, Arsenic has a long and 
tragic history as a killer of livestock when used as a 
herbicide, and I do not intend to say more about it. 
There have been very few reports and no authenticated 
instances of poisonous effects from Ammate, Pentachloro- 
phenol is unquestionably poisonous, and I have received 
some accounts of suspected pentachlorophenol poisoning 
of stock, but it is not now important, nor does it seem 
likely to be. 


The dinitros are definitely poisonous. They are 
particularly hazardous to those applying them, deaths 
having resulted in some cases, However, there seems to 
be little likelihood of livestock poisoning from them. 
PMA is too expensive to use except on lawns. I heard 


liynn, G. E. and Barrons, Keith. The hydrocyanic 
acid (HCN) content of wild cherry leaves sprayed 
with a brush killer containing low volatile esters 
of 2,4-D and 2,4,5-T. Proceeding of Northeastern 
Weed Control Conference, January, 1952. 

2Grigsby, B. H. and Ball, C. D. Some effects of 
herbicidal sprays on the hydrocyanic acid content 
of wild black cherry (Prunus Serotina Ehrh.) leaves. 


86 Proceedings of NEWCC, January, 1952. 


one allegation that a dog was poinsoned by PMA applied 
to a lawn, but the circumstances were highly question- 
able. 


The essential problem, then, which remains for our 
discussion, is the direct and indirect effect of the 
"hormone" sprays, 2,4-D, 2,4,5-T, mixtures of them, and 
similer materials, as commercially used. Before going 
into the actual cases of difficulty from these compounds, 
let us stop a moment to gain perspective. One of my 
colleagues writes: "I am afraid I react to the great 
amount of newspaper and farm magazine publicity extol- 
ling the dangers of using 2,4-D on vegetation to be fed 
or grazed based on very little experimental evidence .. 
As a result of newspaper and farm magazine articles, 
farmers are suggesting to me that they felt it too risky 
to continue the use of 2,4-D around livestock.” There 
is no way of controlling journalists. To the journalist, 
a - story is one which is sensational, so the mater- 
ial which was released last year at the Milwaukee meet- 
ing and elsewhere has been blown up into a series of 
articles which, taken out of perspective, certainly have 
served to scare farmers. This is not as it should be. 
Let us consider. 


In the first place, literally dozens of carefully 
conducted feeding experiments, both with 2,4-D and 2,4,- 
5-T directly and with vegetation sprayed with them, have 
uniformly and without exception failed to show any poi- 
sonous effects on any kind of livestock. 


In the second place, literally millions of acres of 
pastures with livestock on them have been sprayed in the 
last six or seven years without injury to livestock. 
I am sure there is no experimenter here who has not used 
2,4-D in occupied pastures. In our state, one company 
over a period of four years has sprayed 60,000 miles of 
roadside in £6 counties. During that time he has had 
only five reports of suspected poisoning, none of them 
substantiated; two of swine, two of cattle, one of 
sheep. A company in Pensylvania, which has sprayed 
10,000 acres of right-of-way per year, reports just four 
cases, only one of which was not completely cleared up 
as due to other causes, in five years of work. So. I 
might go on. Certainly, losses of livestock in pastures 
which are sprayed with hormones are highly unusual. 


We tend to focus attention on the unusual, In wri- 
ting all over the country as I have, getting as many 
cases as possible together, I hardly have a total of as 
many as 100 cases of even alleged poisoning as a result 
of spraying hormones in or along the edges of pastures, 
for several years past. I have before me a clipping 
- stating that in New York alone 14,000 cows die from what 
is sometimes facetiously referred to as “hardware dis- 
ease”; in other words, from eating nails, wire and other 
metallic impurities in the feed. Thus we have from a 
current and well known cause of cattle deaths about a 
hundred times as many cases in one state as a vigorous 
effort to locate cases of hormone poisoning has turned 
up in the entire United States. Let's keep our perspec- 
tive. 


Nevertheless, if, as happened to a farmer in our 
state, & powerline company sprays across the end of your 
pasture and the next day a good many cows ere teken sick, 
and several of them die, resulting in a total loss of 
between three and four thousand dollars, you would hardly 
be human if you did not blame the spraying for the loss, 
and seek to obtain some sort of redress. There have been 
other similer cases, as all of us can testify. A tho- 
ughtful commercial sprayer writes me: 
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"We have sprayed pastures in which cattle have been 
grazing and they have continued to use this area from 
the day the brush was sprayed until it died, and have 
not had any knowledge of any detrimental effects to the 
livestock. I would say that this circumstance predomi- 


nates. 


"We have had other areas where only a small fence 
row was sprayed and the farmer would complain of his 
cow dying. Our approach has been the same in all cases. 
We ask the farmer to have a post made on the livestock, 
and if the death of the animal can be traced to the use 
of herbicides, we will have our insurance take care of 
it. In no case to the present time have veterinarians 
or the farmers established such « claim. However, there 
have been circumstances which lead me to believe that 
while no claim has been so established, there is more 
than a possibility that the existing vegetation has been 
so changed by a spray application that it has become 
poisonous to fc caging livestock.” 


Most of the rest of us have had similar feelings. 


Last year we reported two well authenticated sourc- 
es of possible 2,4—D poisoning. These have been further 
authenticated this year and should, I think, be taken 
into account in the future, without, however, scarehead 
headlines such as have been used this year. The first 
is the fact that 2,4-D, at least at times, makes 4 great 
many plants temporarily more palatable, so that just 
after spraying stock will eat plants that they had not 
been eating in the past. If those plants are poisonous, 
you may have poisoning resulting. To take any preceu- 
tion about this it is necessary to know whether there 
are poisonous plants in the sprayed pasture. If so, but 
not otherwise, 2,4-D and 2,4,5-T may increase an already 
existent hazard very considerably. I must re-emphasize, 
however, that all that is done here is to increase the 
hazard which already exists, and which in all fairness 
should have been taken care of before spraying. Live- 
stock are too valuable today to tolerate the existence 
of poisonous plants in pastures. We should direct our 
attention to a campaign against poisonous plants, not 
against 2,4-D and related materials. 


The other unquestioned source of difficulty comes 
from the accwmlation of nitrates by plants which have 
been treated with hormone sprays at non-lethal doses. 
This accumulation, first reported by Stahler and his 
associates in "Science" lest year, has been verified by 
other investigators. Slife at Illinois (unpublished 
date) found considerable accumulations of nitrate fol- 
lowing spraying of pigweed, jimson weed and smartweed, 
especially. Until this year, all the cases of nitrate 
accumulation of which I had heard were west of the Miss- 
issippi, but this year Stanford N. Fertig, Department 
of Agronomy, Cornell University, found definite accum- 
lations of nitrate in 2,4-D and MCP-sprayed plants of 
lambsquarters, in particular, and perhaps other weeds. 
It appears that nitrate accumuletion is not a function 
of species in every instance, for Slife found no accu- 
mulation in lambsquerters at any stage tested, and Der- 
scheid (unpublished deta) failed to find significant 
accumulations in pigweed. 


The extent to which these nitrate accumlations are 
hazards to ruminants will, of course, depend directly 
on the extent to which they graze these high-nitrate 
plants. Fertig reports one case in which three heifers, 
grezing in a pasture adjacent to a corn field sprayed 


“¥ertig, Stanford N. The poisonous effects of herbici- 


des. Proceedings, Northeastern Weed Control Conference, 
January, 1952. 


with 2,l-D at high pressures in a high wind, died a week 
after the spraying. Three veterinarians diagnosed the 
deaths as due to nitrate poisoning. No samples were ta- 
ken from this particular pasture to verify tne nitrate 
content of the plants present, but a wide variety of 
weeds, including nitrate accumulators, were present in 
tne pasture. He reports one other similar case, also 
diagnosed as nitrate poisoning, in 1950. Obviously, 
this is a hazard which must be guarded against, but 
again -- let's keep our perspective. 


One thing stands out in the reports of poisoning 
from the eastern and southeastern parts of the United 
States. The cases where deaths are reported immediate- 
ly after spraying are in an area in which wild cherry is 
a frequent fence-row and roadside pest. In many instan- 
ces of poisoning, grazed wild cherry has been found along 
the fence row and even in the stomachs of posted animals. 


Unfortunately most of the accounts of the poisonous 
properties of wild cherry refer to "wilted" wild cherry 
as poisonous. This is exactly on a par with the state- 
ments of twenty years ago that "frosted" Sudan grass was 
poisonous. The poisonous properties of Sudan grass de- 
pend upon the presence of prussic acid, hydrogen cyanide, 
as a glucoside. It was a long time before the Michigan 
and Wisconsin experiment stations finally proved beyond 
all doubt that certain samples of Sudan grass were poi- 
sonous, wether frosted or not, and that frosting, as 
such, did nothing to increase their poisonous properties. 
Since wild cherry also owes its poisonous properties to 
a glucoside of hydrogen cyanide it seems clear that it 
also is poisonous, whether it is wilted or not, 


From the fact that practically every report of al- 
Leged poisoning in the East and Southeast brought in 
wild cherry as a possible or probable factor, I am con- 
vinced that wild cherry is one of the major problems that 
should be studied further. We do not yet know enough to 
say that wild cherry is the dominant reason for the sud- 
den death of animals following spraying with 2,-D. We 
simply have a picture which requires much further inves- 
tigation. Meanwhile, wild cherry should, in my judgment, 
be regarded witn great suspicion whether or not it is 
sprayed, but particularly after spraying. One spray ser- 
vice company reports that they have the rule that when 
they find wild cherry in a pasture, it must be cut, re- 
moved, and only the stump sprayed. It seems that this 
would be a reasonable precaution for any organization or 
farmer to carry out. 


There are a number of possible complications in this 
picture. We know of no studies of sprayed and unsprayed 
wild cherry to see whether it, like some of the other 
plants reported, becomes more palatable after spraying. 
Tnis past summer, B. H. Grigsby, of Michigan State Col- 
lege, studied the effect of 2,l-D and 2,4,5-T on the per- 
centage of HCN in wild cherry. Up to 8 hours after spra- 
ying, there was a slight decrease in HCN in the sprayed 
plants. After that there was a sharp and continued de- 
crease, until after 15 days, when the leaves were yellow- 
ed but not quite dead, those sprayed with 2,l-D contained 
80% less HCN than unsprayed, and those sprayed with 
2,44,5-T contained 85% less than unsprayed. Grigsby also 
found no more hydrogen cyanide in wilted cherry than in 
fresh cherry leaves. 


Keith Barrons of Dow Chemical Co., Midland, Michigan, 


likewise found less HCN in hormone-sprayed wild cherry 
than in unsprayed, and in a study of the effect of wilt- 
ing on HCN content, found only 1/5 as much HCN in the 
leaves after days wilting (the leaves were not yet dry) 


as in the fresh leaves. 


S. H. Dobson, Agronomy Extension Specialist at 
North Carolina, and others there, also studied the HCN 
content of wilted and fresh wild cherry, and found no 
significant difference between them, They, and the 
Michigan investigators also, found very large differer- 
ces in HCN content of different samples of wild cherry. 
They found the most HCN in young tender leaves on spro- 
uts from old stumps with an extensive root system, 
(This follows the pattern of HCN in Sudan grass, inci- 
dentally.) 


However, Dobson and associates feel that the sit- 
uation is more complicated than merely wild cherry poi- 
soning. They report a long series of observations in 
which cattle that were grazing lush pastures with access 
to cherry sprouts bloated, and in some instances died, 
but did not bloat after the cherries were fenced out. 
Mr. Dobson has become almost convinced that in North 
Carolina there is some connection between bloating on 
lush Ladino pastures and wild cherry sprouts, This re- 
lationship may account for some of the unpredictability 
of damage from wild cherry. It seems that we have here 
a highly complicated situation, with wild cherry an ex- 
tremely suspicious character, It is evident that a con- 
siderable amount of very careful investigation over a 
considerable period of time will have to be carried out 
before we can say that we really have any answers except 
the single one that wild cherry, as wild cherry, with or 
without hormone spraying, is a highly suspicious pasture 
component. 


Hogg and Barrentine, at the Mississippi Agricultu- 
ral Experiment Station,” in a series of experiments on 
the control of bloat on Ladino pastures, sprayed one 
pasture with 2,l-D and compared the incidence of bloat 
on it with that on untreated pastures. There was no 
difference in the amount of bloating on the two areas; 
bloating occurred on both. 


To summarize: 


le At least two definite hazards to livestock 
following non-lethal applications of 2,4-D and related 
products are known: 


(a) The possiblity that poisonous plants that 
were not eaten before will be eaten after spraying. 
Poisonous plents should not be permitted in a pasture, 
but if they cannot be eliminated, keeping stock out of 
a pasture which is known to contain poisonous plants is 
indicated for a period after spraying. Present indi- 
cations are that this extra-palatable condition lasts 
less than a week, but, obviously, definite studies with 
the poisonous plants themselves are needed before any 
certain recommendations can be made. 


(>) Some plants, following light treatments with 
2,4-D, accumulate nitrates in quantities lethal to 
ruminants. Some of the plants in which this occurs, 
notably lambsquarters, are not regulerly eaten by stock, 
but there is a hazard here which must be taken into 
account. 


2. The discussion concerning the effects of hor- 
mone sprays should lead to more effective campaigns 
against poisonous weeds in general, since one real haz- 
ard from hormone spraying is due to their presence in 
pastures. 

‘Hoge, Peter G. and Ben F. Barrentine. Study of 
Bloat shows needs of grass in clover. Mississippi 
Farm Research, Vol. 14, No. 9, Sept. 1951 


3. A great deal of evidence has been turned up 
suggesting that wild cherry, directly or indirectly or 
both, is a factor in the death of many livestock in the 
wild cherry belt, with or without hormone sprays. 

There are also sugzestions that wild cherry plus hor- 
mone sprays is more dangerous than wild cherry alone. 
Wilting is not necessary for wild cherry toxicity; pre- 
liminary studies indicate that the HCN content decreases 
on wilting. For the record, it should also be said 
that there are many instances of more or less wild 
cherry being grazed without fatal, or any apparent, 
effects. 


lh. As a matter of perspective, the real, or even 
alleged, losses from hormone sprays are extremely small 
compared to other older, taken-for-granted, hazards to 
stock. This does not mean that we should not be awake 
to any real hazards from sprays of 2,)\-D and related 
compounds, but let's not emphasize them to the point 
where they prevent our taking advantage of the really 
tremendous advantages to be gained from their use. 


5. In view of the extremely small number, propor- 
tionately, of suspected cases of hormone-induced 
poisoning, the burden of proof is very definitely on 
the complainant if a case of alleged poisoning is brought 
to court. It would be unfortunate if a court decision 


fixing responsibility for death of stock on hormone 
spraying, beyond the limits of our present knowledge, 
were handed down, before research has had ample oppor- 
tunity to produce the facts. What may be done as a 
matter of good public relations is something else, but 
let's avoid adverse precedents if possible. 


6. The whole problem deserves extensive research. 
Especially should every reported case of poisoning be 
carefully studied and reported. The possibility that 
there are interactions between hormone sprays and 
plants, other than those already listed, which result 
in poisoning stock, cannot be completely mled out. 
However, if such interactions exist, they are so infre- 
quent that it will not be feasible to conduct direct 
experiments to produce them. Even reports of such 
interactions are of the general order of 1 in 1000 
opportunities, so progress must come from studying in 
detail the cases which appear. 


In short, let's follow up our present leads with 
definite research, and let's treat every report of 
poisoning as an opportunity to learn more. Thus, 
ultimately, we shall solve a very real problem. 


Vv. K. Rowe 


The purpose of this discussion is to outline the 
health hazards associated with the handling and use of 
some of the herbicides which are employed widely today. 


Before discussing specific materials, a few gen- 
eralizations are believed to be in order. The terms 
"toxicity" and “toxic hazard" should be defined. These 
terms are not synonomous although they are sometimes 
thought to be. Toxicity is a property of matter; it 
may be defined as the property of causing injury to the 
living organism by other then mechanical means. Toxic 
hazard may be defined as the likelihood that a sub- 
stance will toxic injury. 


Warning properties such as foul odors or tastes, 
lachrymation, or irritation, which become apparent and 
highly disagreeable from harmless exposure, tend to pre- 
vent the likelihood of serious exposure and thereby re- 
duce the hazard. Similarly the absence of such proper- 
ties tends to enchance the hazarde. Physical properties 
such as vapor pressure, solubility, dustiness, etc., may 
either increase or decrease the hazard of a material de- 
pending upon how it is handled and used. It follows 
that a material may be highly toxic and yet may not be 
particularly hazardous; and conversely, a material my 
be relatively low in toxicity and yet be quite hazardous. 


During the last 10 years and to some extent during 
the preceding 10 years, more and more attention has been 
paid to the effects of herbicides upon human subjects, 
livestock, and wildlife. The development of new and 
better herbicides and new uses for old ones has led to 
a tremendous increase in their use by an increasing num 
ber of people and to their use over prolonged periods of 
time by custom operators. The likelihood of human ex- 
posure, to these materials, has been increased many fold 
by these new developments. If these newer materials are 
to be handled safely, specific directions for their use 
and specific precautions against misuse must be made. 

In other words, specific hazards must be defined and in- 
formation given on how to avoid hazardous exposure. In 
order to do this intelligently, facts must be known a- 
bout the chemical, physical, and toxicological properties 
of the material, about the form and manner in which it 
ie to be handled and applied, and about the likelihood 
and magnitude of exposure. Industry has recognized and 
accepted this responsibility. 


To become specific, what health hazards are pre- 
sented by the various commonly used herbicides? and, 
how should they be handled in order to insure safety? 


Sodium Chlorate 


The principal hazard associated with the use of 
sodium chlorate as a herbicide is that of fire. Vege- 
tation sprayed or dusted with chlorate constitutes a 
real fire hazard. Clothing contaminated with dry Chlor- 
ate is easily ignited. Sodium chlorate is not particu- 
larly toxic if ingested and in normal use, the lixeli- 
hood of ingesting dangerous quantities is remote. The 
material is not particularly irritating to the skim and 
is not absorbed through the skin in significant amounts; 
hence, the hazards from topical contact are not serious. 


“Information with regard to its effect upon the eyes is 


lacking. 


Precautions for safe handling should be directed 
primarily toward the elimination of the possibility of 
fire and, secondarily, toward the avoidance of unneces- 
sary personal contact. 


Although there are reported cases of livestock 
voisonings due to chlorate, most experience has indi- 
cated that when used as recommended, it does not pre- 
sent a hazard to livestock grazing in treated areas (1). 
Precautions should be taken to spread the solid evenly 
so as not to leave piles of it available and to avoid 
leaving containers of the material where stock can get 
it. Salt hungry stock are most likely to consume toxic 
amounts of this material (2). 


Available information indicates that the use of 
borax as an herbicide or soil sterilant does not pre- 
sent significant health hazards. The material is fair- 
ly toxic if ingested but the likelihood of ingestion is 
small. No special handling precautions are believed 
necessary. 


Experience has indicated that the ordinary use of 
the material does not present a hazard to livestock or 
wildlife. 


Combinations of sodium chlorate and borax 


(1 part chlorate and 9 parts borax) 

This combination essentially eliminates the fire 
hazard from sodium chlorate. The health hazards of the 
combination are not believed to be of significance. 


Special precautions in handling are not believed to 
be necessary. 


Experience has indicated that the material does not 
present a significant hazard to livestock and wildlife. 


Arsenicals (Sodium Arsenite and Arsenic Trioxide) 


These materials present serious hazards of han- 
dling and use probably greater than those of any other 
herbicide. They are highly toxic and the consequence 
of accidental ingestion or even relatively small a- 
mounts is very likely to be death. When handling or 
applying these materials, particular care must be taken 
to prevent ingestion, inhalation of dust or svray, and 
skin contact. Particular care must be exercised in the 


disposal of sludge or residues from spraying and of con- 
taminated containers. 


The hazard to livestock and wildlife from eating 
sprayed vegetation or from drinking water contaminated 
by these materials is very serious. 


Calcium Cyanamid 


The health hazards associated with the use of cal- 
cium cyanamid are those resulting from contact with the 
skin and eyes and from the inhalation of dust. The ha- 
zard from possible ingestion is of little significance. 


Precautions for safe handling should include mea- 
sures to prevent direct contact with the skin. When 


handling dusty material, coveralls which fit tightly at 
the neck, cuffs, and ankles and a hat will be helpful 
in preventing skin contact. Exposed surfaces of the 
skin may be protected by covering with a bland oil or 
appropriate protective cream. The skin shduld be washed 
thoroughly at the end of each day. Contaminated cloth- 
ing should be washed before re-use. 


Care should be exercised to prevent cyanamid from 
getting into the eyes. If this occurs, the eyes should 
be flushed immediately with an abundance of clean water 
and medical attention obtained. 


The breathing of cyanamid dust should be avoided. 
A respirator should be worn whenever the breathing of 
dust cannot be avoided by other means. This is particu- 
larly important when exposures are repeated or prolonged. 


When the granular form of cyanamid is used the ha- 
zara is significantly reduced. 


Herbicidal Oils 


Numerous oils have been used as herbicides, alone 
and in combinations with other materials. A discussion 
of the individual oils is beyond the scope of this paper. 


Toxicological information regarding the oils is 
very meagre. Judging from past experience and what is 
known of the toxicity of petroleum fractions, certain 
generalizations are justified. It is likely that the 
most significant hazard presented by the oils would be 
that of dermatitis caused by prolonged or repeated skin 
contact. Contact with the eyes may be quite painful, 
but serious eye injury is probably not likely. The ha- 
zara from ingestion is not usually serious unless such 
materials are swallowed in substantial quantity. The 
hazard from inhaling vapors or mists of the oils vhen 
used as herbicides is not believed to be serious, mainly 
because the likelihood of inhaling appreciable amounts 
in normal use is very small. The hazard from fire 
should not be overlooked. 


Precautions for safe handling should be directed 
toward the avoidance of prolonged and repeated skin con- 
tact. Clothing, particularly shoes, wet with oils 
should be removed and cleaned before re-use. Heavy 
mists of oil alone or in combination with other toxi- 
cants should not be breathed repeatedly or for prolonged 
periods; under certain conditions respiratory protec- 
tion may be necessary to insure safety. 


Ammonium Sulfamate 


The use of ammonium sulfamate as an herbicide does 
not present any significant health hazards. This con- 
Clusion is based on toxicological studies conducted by 
Ambrose (3) and is borne out by extensive use over an 
appreciable period of time without reported injury to 
either humans or livestock. 


No special handling precautions are necessary. The 
material presents no fire hazards. 


Pentachlorophenol 


The hazards attending the use of pentachlorophenol 
are those of absorption of toxic amounts of the material 
through the skin, skin irritation, eye irritation, and 
ingestion (4, 5, 6). There is no fire hazard. The 


dusts of the free phenol and of the sodium salt and 

oil or water sprays of either are quite irritating to 
the nose and eyes, sufficiently so that toxic amounts 
are not likely to be inhaled. Pentachlorophenol may 
be absorbed through the skin in toxic amounts from con- 
centrated preparations if contact is extensive and pro- 
longed. The irritating action on the skin will vary 
considerably with the solvent. In general, strong 
solutions (10% or more) may cause skin irritation on 
single prolonged exposure, but contacts of short dura- 
tion are not likely to irritate. Fine dust or solu- 
tions as dilute as 1% may irritate upon prolonged and 
repeated exposure; if exposures are continued over a 
considerable period of time, an "acne-like" dermatitis 
may develop. Special tests conducted on human subjects 
have suggested that the sodium salt, but not the free 
phenol, possesses a slight tendency to cause hypersen- 
sitivity. These results are interpreted to mean that 
a very few persons may show increased susceptibility 
after once having a rather severe rash; in practice, 
this has not been of importance. 


Although pentachlorophenol is rather toxic when 
swallowed, its use as an herbicide does not ordinarily 
offer opvortunity for sufficient intake to be dangerous. 


Its safety in regard to livestock feeding upon 
freshly sprayed forage has been indicated by Grigsby 
and Farwell (7). 


The hazards associated with the handling and of 
pentachlorophenol can be avoided by taking precautions 
to prevent contact with the skin and eyes. If such 
contact does occur the material should be removed 
promptly by washing. Contaminated clothing or shoes 
should not be worn. In instances where contact can- 
not be avoided, the necessary protective clothing 
should be worn = such as goggles, rubber boots, and 
rubber gloves. 


Dinitrovhenole and their salts - (Dinitrocresols and 
Dinitro-o-secondary butylphenol) 


The hazards attending the handling and use of the 
dinitrophenols as herbicides are predominately related 
to their high acute toxicity (8), to the ability of 
the skin to absorb them, and to their rapid absorption 
following inhalation of dust preparations. The dini- 
trophenols generally do not present a hazard of skin 
irritation or eye injury; however, eye irritation may 
result from contact with certain preparations. Rarely 
@ person exhibits hypersensitivity to these compounds; 
if so, that person has no alternative but to carefully 
avoid them. Some liquid preparations are flammable 
because of the solvents employed; the dinitrophenols, 
except for dry sodium cresolate, do not present a fire 
hazard. 


In handling dinitrophenol concentrates, either 
solutions or dusts, precautions should be taken to a- 
void skin contact and inhalation. Protective clothing 
such as coveralls, hat, rubber gloves, rubber boots, 
and a dust respirator may be required - depending upon 
conditions. If contact with concentrates should occur, 
contaminated clothing should be removed vromptly and 
the exposed skin thoroughly cleansed with soap and wa- 
ter. 


In applying sprays, prolonged breathing of mist 
should be avoided. Whin clothing becomes obviously 
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wet with dilute sprays, it should be removed within a 
short time and the skin cleansed. It in always advis- 
able to bathe each day after applying spray. It 

should be remembered that the staining of the skin and 
clothing by dinitrophenol compounde gives no indication 
of the quantity absorbed or of the actual hazard in- 
volved, but merely shows that there has been some con- 
tact with the material. 


The improper disposal of sludge or residues left 
after spraying can present a hazard. These should be 
disposed of so that they will not be available to ani- 
mals and so that they will not contaminate water sup- 
plies or streams. 


Residues upon foliage treated as recommended are 
not hazardous to grazing livestock (1). 


acic, its salts and esters 


tis acid, its salts and esters 


4-Chloro-o-toloxyacetic acid, its salts and esters (MCP) 


These materials can be considered together because 
their toxicological properties are very similar and be- 
cause they are used in essentially the same manner (6, 
9,10, and 11). 


These materials present hazards of eye injury and 
skin irritation. Dusts and strong solutions are cap- 
able of causing appreciable injury to the eyes. Dusts 
in high concentrations may cause irritation of the up- 
per respiratory tract. Repeated or prolonged contact 
te concentrated formulations may result in skin irri- 
tation. Repeated and prolonged contact with dilute 
solutions, such as are used for spraying, could pos- 
eibly cause irritation of the skin but this is highly 
unlikely except, perhaps, in the unusually susceptible 
person. As ordinarily handled, these materials are 
not likely to cause skin irritation, eye irritation, 
cr skin sensitization (6). They are not absorbed 
through the skin to any appreciable extent, and in the 
amounts likely to be inhaled are not hazardous. The 
ingestion of harmful amounts is not likely. 


In themselves, 2,4-D and 2,4,5-T do not constitute 
a hazard to livestock grazing on treated areas (7). On 
the basis of laboratory studies, the same is believed 
to be true of MCP. However, it has been suggested that 
spraying with 2,4-D and 2,4,5-T may render certain 
plants toxic or possibly make some toxic plentse more 
palatable or attractive. Thies subject is presently 
undergoing considerable study in various quarters; its 
practical significance has not been great, but cannot 
be evaluated fully until more data are available. 


Precautions for safe handling should include mea- 
sures necessary to prevent dust or concentrated pre- 
parations from getting into the eyes and to avoid pro- 
longed and repeated skin contact with concentrates. 

If contamination of the eyes should occur, they should 
be flushed promptly with clean flowing water for at 
least 15 minutes and then medical attention should be 
obtained. 


Sodium Trichloroacetate (Sodium TCA) 


Sodium TCA in concentrated form presents hazards 
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of skin irritation, eye irritation, and respiratory ir 
ritation. The material presents no hazards from inges- 
tion or from absorption through the skin (6). Contact 
with the dust or spray solution, particularly on the 
face, results ir a pronounced burning sersation but 
serious injury is not likely unless exposures are se- 
vere and prolonged. Inhalation of dust may be painful 
to the nose and upper respiratory passages, but is not 
likely to cause serious effects. 


Precautions in handling and use should be directed 
toward avoiding contact with the skin and eyes. Pro- 
tective clothing such as coveralls with tight fitting 
neck and cuffs and a hat are effective protection. Con- 
taminated clothing should be removed and washed before 
re-vee. If skin contact occurs, promptly remove the 
material by washing with water. If the eyes should be- 
come contaminated, they should be flushed with clean 
water for at least 15 minutes and medical attention ob- 
tained. 


No significant hazard to livestock exists from 
their eating or contacting sprayed foliage (7). 
a) Isopropyl N-Phenyl Carbamate (I.P.C. 
bd) Isopropyl N-(3-Chlo 1 
C. 


rbamate (chloro 


No appreciable hazards appear to be involved in 
the use of these materials as herbicides. They are low 
in toxicity by ingestion and by inhalation (12). They 
are not significantly irritating to the eyes or skin. 
Although it has been suggested that I.P.C. may be car 
cinogenic, studies conducted at the National Cancer 
Institute have failed to substantiate this hypothesis (12) 


Methyl Bromide 


The health hazards associated with the use of methyl 
bromide are those of inhalation of vapor and direct con- 
tact of the liquid upon the skin. 


Since methyl bromide is a highly toxic, odorless 
gas (13), the hazard from inhalation is serious. ‘The 
inhalation of high concentrations for short periods of 
time may lead to acute systematic poisoning and even 
death; the inhalation of lower concentrations repeatedly 
and for prolonged periods of time may lead to chronic 
poisoning from which recovery may be slow but complete. 


In order to reduce the hazard of inhalation, methyl 
bromide is now marketed to a large extent for agricul- 
tural purposes with chloropicrin added. Chloropicrin 
is a very strong lachrymator and a small percent of it 
in methyl bromide serves as a warning agent, thue mark- 
edly reducing the possibility that a person will un- 


knowingly expose himself to hazardous amounte of the 
vapore. 


The use of methyl bromide as an herbicide involves 
mostly outdoor applications. Under such conditions the 
likelihood of the operator exposing himself to hazardous 
concentrations of gas is remote, providing he stays on 
the windward side of possible sources of the gas. This 
practice should also be followed in removing tarpaulins 
and other equipment from fumigated beds. 


When methyl bromide is used indoors the hazards 
are increased markedly. If good ventilation is lacking, 
the precautions necessary to insure safety will approach 
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those required for space fumigation. 


In case of spills in confined spaces, persons 
presert should vacate immediately and should not re- 
enter until aeration has been accomplished. If it is 
necessary to enter a significantly contaminated area, 
a gas mask with appropriate cannister or a self con- 
tained breathing apparatus should be worn. 


It should be noted that the lachrymatory effect 
of chloropicrin disappears a few hours after discharge 
over soil and will not keep children or animals from 
crawling umder gas retaining covers. Care should be 
taken to keep children or animals away from treated 
plots during fumigation and perhaps for 30 minutes 
after tarpaulins have been removed. It is recommended 
that workman also practice such precautions. 


There is little likelihood of local skin injury 
in using methyl bromide except from spilling or dis- 
charging the material directly upon the shoes or 
clothing. Even should this occur, the prompt removal 
of contaminated clothing will prevent significant in- 
jury. Repeated or prolonged contact is likely to re- 
sult in irritation and blistering. 
ing, particularly leather shoes, should not be re-used 
until completely free of the material. 


It can be noted from the preceding discussions 
of the various herbicides used widely today that in- 
formation of a more specific nature is available upon 
the newer products than is available, even now, on 
some of the older products. The reason for this is 
that information regarding the health hazards of the 
older herbicides has been derived largely from ex- 
perience, some of it sad experience. Information re- 
garding the newer products has been and is being de- 
rived largely from studies on laboratory animals to- 
gether with observations made during the field testing 
of such products. 


The practice in industry today is to study the 
toxicological properties of new producte before mar- ~ 
keting, yes, even before samples are sent out, so that 
hazarde can be defined and so that precautions neces- 
sary to insure safe handling can be given. 


Informative precautionary labeling such as ap- 
pears on essentially every agricultural product and 
other chemicals marketed today is an example of this 
practice. It takes directly to the consumer the fol- 
lowing information: 


A= Name of product 
B= Signal word designating the degree of hazard- 


Danger! Warning! or Caution! 


C = Affirmative statements of the particular ha- 
zards of that product in the order of their 
importance. 


D = Precautionary measures covering actions to be 
taken or avoided. 


‘E = Instructions as to what to do in case of con- 
tact or exposure. 


If every consumer would read the labels on the 
products he buys today and would follow the directions 
given thereon, it is exceedingly doubtful that a sin- 


Contaminated cloth- 
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gle case of ill effects would result from the handling 
and use of herbicides or other agricultural chemicals. 
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PUBLIC RELATIONS AS IT AFFECTS 
WEEDS AND BRUSH CONTROL* 


E. P. Sylwester 


The United States is made up of 8 states contain- 
ing about 150 million people. We have several political 
parties. We embrace many races and creeds. It is no 
wonder that not all of us think alike at all times on 
all questions. This is a fortunate situation. It makes 
for a more dynamic nation, Constructive criticism is 
often the avenue to better work, workmanship and under- 
standing. 


It is no wonder that in a free nation you get diver- 
gent opinions on various subjects. So it is with weed 
and brush control. Until criticism began to arise in 
weed and brush spraying programs, few of us realized 
that certain weeds and brush might be helpful in some 
way, in some place, shape or form. In all of our public 
relations work, we must constantly keep in mind that 
there usually are two sides to any question. We must 
constantly be salesmen to point out a long range desir- 
able program. Such a program should be consistently 
constructive. In our emphasis on roadside weed and 
brush control, we need to lay increased emphasis on bet- 
ter service obtained by telephone and power companies. 
This is extremely important. In times of sickness, fire 
and tragedy, in any emergency, telephone and power lines 
should be free and unencumbered. The highways should he 
as reliable and unobstructed as possible. There are 
very few people who will argue that a well-grassed, well 
sloped highway is not more beautiful than a highway com- 
plete with weeds and brush. A constructive program sho- 
uld encompass more than the mere dollars and cents which 
are realized in maintenance savings by the counties, by 
the telephone companies and the power companies. We 
must emphasize the fact that these lines of communica- 
tion are vital to our economy. Has anyone ever stopped 
to think what the countries are like where we don't have 
an abundance of telephone and power transmission? We 
must constantly stress that chemicals can be used in 
cooperation with good cultural methods of weed and brush 
control. This is especially true on new ditchbanks, on 
new roads, and under new utility lines. We can start at 
the beginning and keep such woody and weedy growth down 
to insure freedom from power and transmission failures. 
When spraying is first started, there is undoubtedly a 
lot of dead brush and dead weeds left to mar the land- 
scape, We can say the same thing of the construction of 
a new road or a new home. Until the areas are levelled, 
graded, and seeded down with grass, a new highway or new 
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home is usually far from being very attractive. Howe 
ever, with the advent of grass such areas present tre- 
mendous improvements. We must then point out that de- 
sirable grassy ditchbanks, grassy roadside shoulders, 
grassy fence rows, under transmission lines, composed 
of grasses aggressive enough to in themselves offer 
some extent of good weed and brush control--we must 
consistently emphasize that heavy stands of grass are 
our ultimate objectives. By insisting on heavy stands 
of grass, we are contributing to the elimination of 
traffic and health hazards. Furthermore, in monetary 
value, which we should stress last, we know that such 
areas are cheaper to maintain. The snow in the first | 
place does not accumulate on roadsides which are rela- 
tively free of brush and which are well graded. If it 
does accumulate, it is removed more easily. Country 
roads where air circulation has been improved through 
the control of vegetation, dry off faster and this is 
important in the spring of the year and after rains. 
Maintenance is infinitely easier from the labor stand- 
point and consequently it is cheaper and faster. Fur- 
thermore, heavy stands of grass make for more permanence 
and less manual upkeep. Certainly roadsides which are 
composed of millions of blades of waving grass are much 
more attractive than roadsides completely over-run with 
health hazards, ugly, unkempt plants of all descriptions. 


I mentioned previously that not all of us see alike 
on all issues. Constructive pooling of ideas results in 
eventual better understanding and more tolerance. A 
roadside weed and brush control program coming into ex- 
istence in a period of only a very few years is bound to 
be misunderstood at its inception. How can we go about 
anticipating the criticism, avoiding criticism and throw- 
ing oil on the troubled waters when such criticism has 
developed? Seek out the opinion of your associates who 
by past action on other subjects have shown themselves 
to be stable thinkers. Many times during our really 
troubled periods, I have conferred with my associates 
Mr. Hoffman, Dr. Bakke, Murl McDonald, Jan Russell, and 
Glenn Cunningham and in many instances have followed 
their judgement. I've conferred with stable thinkers 
on both sides. Such public relations is an educational 
job which must be done by all of us--not only by Exten- 
sion but by industrial, regulatory, and commercial spray- 
ing concerns. All of us assembled here are pretty much 
in agreement that the control of unwanted vegetation is 
a good thing. That is as it should be. A good salesman 
must believe in his own product first. After that it 
becomes our job to sell our point of view to our con- 
stituents. The following points may help us to do a 
better selling job. 


In the first place, we should explain the program 
fully. We know that spraying is cheaper than hand re- 
moval, We know that spraying will eventually benefit 
the tax payer who has to foot the bill for weed and 
brush control along the public roads. We know that 
spraying will benefit the user of the power and tele- 
phone lines. Sure, dependable service must be at his 
disposal at all times. Because of illness in my family, 
I have been in constant daily touch with my home about 
600 miles away. In every single instance I was talking 
to my wife in less than two minutes time from the time 
I took up the receiver, That's what I mean by depend- 
able service. My good friends Mr. Sullivan of North- 
Western Bell Telephone and Mr. Falkerson of the South- 
Western Bell Telephone anc their associates tell me that 
mechanical failure on their lines is almost unheard of-- 
that if such failures occur it is due primarily to 


n, 
Mr. Robert Beatty, of the American Chemical Paint Co., ana Mr. C. C. Gerdes, Geigy Co., Inc. Help is aiso acknowledged 
from Mr. Dudiey Chittenden, Iowa Highway Commission and Mr. Charles Laverty, Laverty Seed Farns, Indianola, Iowa. Dis- 
cussion of public relations programs were aiso had with such men as Mr. Wm. Mac Donald, Peavey Elevator Co. and Mr. Ted 
Sullivan, Northwestern Bell Telephone Co. All of this “—— is gratefully acknowiedged in the preparation of this paper. 


action of wind, snow, sleet, branches, brush etc. 

We know that the control of noxious weeds will 
benefit adjacent landowners. We know that through 
the elimination of unwanted roadside weeds and brush, 
we make it easier for the farmer in the adjacent 
areas to keep his land clean. Weeds and brush do 
not stop at fence lines on roadsides and other areas. 
They are constantly seeking to enlarge their sphere 
of influence to adjacent areas. They cut down the 
production of crops adjacent to such areas. All of 
you have seen reduced crops adjacent to srushy areas. 
We know that increased service and increased beauty 
will eventually result from such spraying programs. 
We know that such spraying programs will make for 
cheaper maintenance and more permanence, For 
instance, the cost of spraying a weedy, brush infes- 
ted fence row will be more than compensated for by 
logevity of the fence. It will aid in the elimina- 
tion of traffic and health hazards. It will increase 
the beauty and above all, it will make the work 
easier and safer for the workman charged with the 
upkeep of roadsides and utility lines. Certianly, 
these programs must be explained in detail because 
we know we have something constructively good to 
offer in a good spraying program. Much of this spray- 
ing has been done in such a matter of course manner, 
and so much of it has been done, that many people 
were not prepared for it educationally. 

In the second place, another way in which I believe 
our public relations work can be improved, is by explain- 
ing the program beforehand to the people who are con- 
cerned. This may mean the adjacent landowner. This 
means everyone concerned, Get together, talk it over be- 
forehand -- before controversies arise. It may mean the 
entire groups who use the roads, or pay the cost of up- 
keep. Certainly the adjacent landowner should be con- 
tacted ahead of the time when the spraying is to be done, 
preferably by one of the best public reiations men that 
the concern employs. People differ in their tastes, 
There may be certain plants, vines or shrubs which are 
growing for sentimental reasons. Maybe they were plant- 
ed by ancestors. Maybe their fruits are utilized and 
the adjacent landowner is very much concerned in having 
them as they are. Nothing would make him more disgusted 
or furious than to have such plant life disturbed with- 
out anyone informing him as to the reasons, In this 
country we place a great deal of faith in the sanctity 
of the home and in the titled ownership of land. A man 
has every right to feel that his home is his castle and 
if the sanctity of his home or belongings are invaded, 
he ought at least to be informed as to the reason, Most 
people, when approached in a constructive way, can be 
won over quite readily. You are the same way, So am I. 
But we all hate to be steam-rollered or bulldozed. There 
are exceptions, of course, but these are minor, The in- 
dividual adjacent landowner likes to have his opinion 
asked and his comments valued. Ask his opinion, If he 
is violently opposed to spraying, ask him if he has a 
more logical, cheaper, easier solution than what you are 
offering him. Sometimes he may wish to do it the hard 
way--by hand labor, Usuaily he will not have such a 
solution. Then it should become relatively easy to sell 
your ideas. Ninety-nine percent of the people when ap- 
proached with a good constructive program which they 
know will eventually benefit them will cooperate with 
reasonable requests. 


In the third place, I think it is highly important 
that we employ trained operators on spraying units to do 
the work, These men should work under good supervision. 
They should be courteous, businesslike and tolerant of 
other people's opinions. One of the most successful 
custom spraying operators in Iowa today, Mr. Laverty of 
Indianola, follows this procedure ami I believe that his 


spraying business increased steadily even during rather 
controversial times and has prospered since that time. 
In work of this kind, remember that it is impossible to 
satisfy everyone. Like a public servant, if you can sat- 
isfy 90 percent of the people, you ought to feel highly 
elated. However, indiscriminate, unsupervised spraying 
should be kept at a minimum. 


In the next place, I believe many of us could en- 
large our sphere of activities and get more people in- 
terested in our problems. Point out to them the terri- 
fic problems and cost involved to keep roads and utility 
lines brush free. Very few lay people realize the tre- 
mendous job the counties, highway commissioners and the 
utilities face in maintainance. One solution, for in- 
stance, to the dead weed and brush problem might be that 
the utility companies might undertake the spraying pro- 
grams and in conjunction with county boards of super- 
visors or highway engineers, work out programs whereby 
one of the parties doesthe spraying, the other furnishes 
the material. Another possibility would be for one 
partner to furnish the material and do the spraying and 
the other to later run heavy road equipment such as 
bulldozers or blades over such sprayed areas and break 
down and crush the dead vegetation left by such spray- 
ing processes, Possibly, the adjacent lsndowner would 
cut and remove such brush if utilities promise to con- 
trol regrowth. The more cooperation you can encourage 
in this way, the more people you will have involved in 
a constructive program and the less criticism you will 
get. 


Another possibility is to consider seriously the 
elimination of tall vegetation such as small trees and 
brush along main traveled roads where spraying will 
create an eyesore and arouse criticism. We know thet 
such brush and trees should be eliminated. We know that 
suck tall dead material will remain for some time de- 
pending upon wind and weather, It might be advisable to 
set a standard, say of 8 to 10 feet, and encourage cut- 
ting of taller material first, followed by treatment of 
the stumps and later on by spraying of the regrowth when 
such regrowth is relatively small. The adjacent farmer 
might be encouraged to do some of this work. After all, 
he has a stake in the program. Work in those areas 
first where you are welcome and can get the necessary 
cooperation, Once a program is started, it is necessary 
to follow-up and police the area amd do a good job. 
Don't ever leave a job half done because that will serve 
as a source of criticism for years to come, Certainly, 
we should exercise every precaution to keep objection- 
able areas down to a minimum. This is especially true 
along our main travelled highways. Remember that we did 
not inherit and grow all this brush in a few years and 
we will not get rid of all of it in a year or two. How- 
ever, with a good constant program we certainly will con- 
trol it. The word "control" has an important bearing. 
Many people, I believe, think that at the inception of 
spraying programs were led to believe that all vegetation 
was to be killed out from under the telephone and pwer 
lines and aiong the roads. This, of course, is comple- 
tely erroneous, All that needs to be done is to control 
the vegetation to our advantage. When programs are 
first getting into gear, it might be advisable to do the 
initial work in out-of-the-way areas, Then after your 
custom sprayers have gotten the "feel" of the machines 
and chemicals--have become careful enough--you can 
gradually advance them to the more delicate tasks. 


As I have looked at the over-all roadside weed and 
brush spraying programs I think all of the objections 
can be competely overcome by thorough planning before- 


hand, If brush infested roadsides and fence-rows are in- 
deed the last refuge of our remaining wild animals and 
wild flowers, certainly then it is high time for all of 
us to put our shoulders to the wheel and work aggressive- 
ly toward the establishment of wildlife refuges, preser- 
ves, farm wildlife areas, roadside parks, more state, 
city and federal parks and preserves. These areas will 
much more than compensate for any small inroads that we 
will make on the havens for wild birds, animals and flo- 
wers. If we really have the interest of the wild flowers 
and game at heart, we should personally see to it that 
such plants and animals should be completely protected 
and unmolested unless they become a menace to agricul- 
ture. We should be ready to lend a hand to all agencies 
such as the Soil Conservation groups, the Wildlife 
groups, Garden Clubs and Civic Improvement Organizations, 
which really have the welfare of plants and animals at 
heart. By helping to stock wildlife areas, by making 
such havens attractive for them, by transplanting wild 
flowers and shrubs into such areas, we can accomplish a 
terrific amount of good. The small amount of good that 
each of us accomplish will more than offset any damage 
that is done, 


In conclusion, I believe that a good public re- 
lations program is imperative to the success of any pro- 
gram which is undertaken in roadside spraying and other- 
wise. The people must be made to feel the need for it. 
They must be made to feel that it is worthwhile and they 
must be made to feel that they have everything to gain 
and very little to loose in such endeavors. We might 
also point out that plants have a very peculiar habit of 
reproducing themselves quite rapidly. All of you have 
seen areas which have been taken over by weeds or brush 
in the matter of a few years. All of you have seen road- 
sides, sidewalks, etc, which were abandoned eventually 
return to the ways of nature. As my associate, Mr. Hoff- 
man has pointed out to me, even man's most devastating 
weapon, the atomic bomb, was successful in clearing out 
vegetation for only a very brief time. There is always 
this to remember, that even if these were a possibility 
that we are completely and absolutely wrong in our en- 
deavors, nature will soon completely obliterate any in- 
roads that have been made in a few years' time. In the 
light of years, even a big splash would only be a ripple 
in the relentless march of time, The mere fact that 
telephone and power companies ami county boards of super- 
visors and farmers have found it mutually and monetarily 
beneficial to utilize chemicals in the control of weeds 
and brush is mute evidence that such spraying programs 
are here to stay. Chemicals for the control of obnox- 
ious vegetation and brush are just as much here to stay 
as are the airplane, the automobile and atomic energy. 
It is up to us to learn to live compatibly with the pro- 
ducts of science and research, They will help to make 
our world a better and more pleasant one in which to 
live. A good public relations program explaining the 
wherewithal and the ultimate objective of our spraying 
programs will pay big dividends. 


WEED RESEARCH IN THE BUREAU OF PLANT INDUSTRY, 


SOTLS, AND AGRICULTURAL ENGINEERING 
Roy L. Lovvorn 


I appreciate the opportunity of appearing on the 
program of this Conference and of making a brief re- 
port of some of the activities of our Division and of 
the Bureau of Plant Industry, Soils, ami Agricultural 
Engineering. It is perhaps fitting that this report 
be made to you, since it was in this Conference exactly 


two years ago that Dr. R. M. Salter, Chief of the Bur- 
eau at that time, announced the creation of a Division 
of Weed Investigations within the Bureau. In addition 
to being directly responsible for the weed research 
work that was previously in the Division of Cereal 
Crops and Diseases, we were also charged with the re- 


Our activity in weed research falls into some 
seven categories that may be enumerated as: (1) weeds 
in field crops, (2) weeds in horticultural crops, (3) 
weeds and brush in grasslands and other woody plants, 
(4) weeds associated with irrigation f » (5) 
perennials, (6) physiological research and (7) herbi- 
cidal screening. Except for the work at Beltsville, 
Maryland and Denver, Colorado, all of the work is done 
in cooperation with state experiment stations - 18 
states to be exact. Eight of those states are members 
of the North Central Conference. I do not have the 
time nor do you have the interest in reporting or even 
listing all of the individual projects. It seems to 
me that perhaps you might be more interested in some of 
the more promising achievements of our group. Less 
attention will be given to the program of the men work- 
ing in your area since you are more or less familiar 
with their work. 


All of you are familiar with the early Illinois 
work in which it was shown that the primary need for 
cultivation was to control weeds, even though their 
techniques may not have provided a valid test of the 
benefits of cultivation. R. J. Aldrich ani his associ- 
ates at the New Jersey station are studying the effects 
of weeds, cultivation, and pre-emergence herbicides 
on potatoes and corn yields. One and one-half pounds 
of 2,4-D per acre have effectively controlled weeds 
in corn when used in conjunction with cultivation. 
Four and one-half pounds of DNOSBP did the same job 
for potatoes. Using the potassium content of corn 
leaves as a measure, they are finding that cultivation 
improves soil aeration. Their yields have been posi- 
tively correlated with potassium content in the leaves. 
Cultivation has not improved soil air space and volume 
weights; rather, the reverse has been observed. 


At the Research Committee Meeting this week, 
B. H. Grigsby and D. E. Kratochvil reported their re- 
sults of weed control in sugar beets from Michigan and 
North Dakota. You have also learned from L. M. Stah- 
ler's recent Newsletter that the use of TCA for this 
purpose is being rather widely accepted in the Red 
River Valley sugar beet area. This year's results in 
the control of wild oats in sugar beets are most en- 
couraging. 


You have followed the work of F, L. Timmons and 
later W. M. Phillips on the control of weeds in wheat 
and grain sorghum at the Hays, Kansas, station. Al- 
though this work has been on somewhat of a "standby 
basis" during 1951, we are pleased to be able to re- 
port that in cooperation with the Kansas station this 
work will be contimed. 


The name of E. C. Tullis was associated with weed 
control in rice from the time that it was first realiz- 
ed that 2,l-D could be used on this crop. More recent- 
ly he has also been interested in the use of agricul- 
tural chemicals for the uniform maturation of rice in 


sponsibility of coordinating all weed work throughout 
the Bureau. Whatever success that can be credited to 
this undertaking is due entirely to the loyalty of the 
group - both the men in our Division ani the leader- 
ship in other Divisions and in the Bureau Administra- 
tive level. 
| 


cooperation with the Texas station. 


The cotton industry now tells us that weed control 
is the last barrier to overcome before mechanization 
becomes a reality. I have just come from a belt-wide 
conference sponsored by the National Cotton Council, 
where most of the 1951 results were summarized and some 
general guides prepared for 1952 operations. Both pre- 
emergence applications of dinitro and post-emergence 
applications of herbicidal oils were used under farm 
conditions to a limited extent in 1950 and more ex- 
tensely in 1951. The results have been most encourag- 
ing and there is every indication that the practice 
will be greatly expanded in 1952. In addition, there 
are other pre-emergence herbicides in the experimental 
stage that should contribute to the control of weeds in 
cotton. Our Bureau is proud of the early work of Paul 
Talley and of the recent work of V. C. Harris, J. T. 
Holstun and E. S. Hagood. Harris' observation of a 
physical basis of selectivity is important in that the 
cotton hypocotyl pushes the treated soil away from the 
cotton plant and reduces the chances of injury. Hill- 
dropping and shaping the cotton row to accelerate short 
distance water removal, are important example of cultur- 
al and chemical combinations for weed control that may 
have application in other crops. Cotton weed control 
may well be a practice that will revolutionize cotton 
production. 


Aldrich and his associates at the New Jersey sta- 
tion have found that applications of 2,l-dichlorophen- 
oxyethyl sulfate as high as 12 pounds per acre can be 
made to strawberries without reducing the yield. Appli- 
cations of 2,l-D as low as one pound per acre have re- 
sulted in lower yields of strawberries. Thus 2,\)-di- 
chlorophenoxyethyl sulfate is a safer herbicide than 
2,4-D to use on crops like strawberries and asparagus 
that are normally sensitive to 2,l-D. 


Timmons has been working on weed control in onions 
in cooperation with the Utah station since he became 
regional coordinator for our program in the western 
states in 19,8. Three pounds of 2,l-D acid applied 
between the rows of onions immediately following the ~ 
last cultivation and furrowing for irrigation has given 
excellent weed control without injury to the onions. 
This past year he obtained striking control of annual 
weeds with an application of 2 pounds per acre of 3-(p- 
chlorophenyl)-1,1-dimethylurea made immediately after 
the onion bulbs had been planted. At the time I saw 
them in August, yields had not been determined but they 
appeared to be as good as the hand-weeded check. 


Even though IPC has not been too promising in this 
area, it has shown better performance in the Northeast, 
South, and Northwest. C. I. Seely has been working on 
the control of weeds in peas as the Idaho Station since 
1947 and has found IPC to be one of his best herbi- 
cides. He has drawn the following conclusions regard- 
ing IPC: (1) pre-planting treatments worked into the 
soil are far more effective than pre-emergence treat- 
ments, (2) spray treatments are more effective than 
dust treatments, (3) disking the material into the 
soil is equal to or better than roto-tilling, (4) rates 
of application mst be fairly high for satisfactory 
control, and (5) pounds of IPC gave 90 percent con- 
trol of wild oats. 


Weed control is grasslands, whether cultivated or 
native ranges, is more than a matter of being able to 
kill the undesirable species. It involves an under- 
standing of the whole field of plant ecology in the 
area being studied. Thus we not only must know how to 
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eliminate, but we must understand all the environmental 
factors that contribute toward a climax vegetation. 

D. L. Klingman has a rather comprehensive ecological 
study in cooperation with the Nebraska station in : 
which he is studying the interrelationship between : 
pasture management as influenced by renovation, fer- 
tilization, reseeding, and grazing practices anc herbi- 
cidal applications. I would predict that his work wili 
provide some basic information in the field of grass- 
ecology. 


J. M. Hodgson is now investigating the effects 
of rates and stages of growth of 2,l-D on grasses and 
legumes under irrigated conditions in Idaho. Rates of 
1/2, 1 and 2 pounds per acre have caused reductions in 
stand of smooth brome, alta fescue, crested wheatgrass, ' 
and orchard grass when applied 2 to lh weeks after 
emergence. When applied 8 weeks after emergence, there 
was little reduction of fescue from any of the rates of 
2,l-D. All legumes, except alfalfa, showed increasing 
resistance to 2,l-D with increasing age. Ranger alfal- 
fa was reduced just as much in stand when sprayed 8 
weeks after emergence as when sprayed 2 to weeks. 
J. H. Miller is also working on a similar problem in 
Minnesota as you heard in the Research Committee Meet- 
ing earlier this week, and is observing striking dif- 
ferences between species. His treatments include TCA 
and MCP in addition to 2,l-D. 


— 


The work of Grigsby in evaluating the toxicity 
of several herbicides to livestock, is well know to 
all of you. With the present interest of the effects 
of agricultural chemicals on livestock and humans, it 
is a source of satisfaction to know that he obtained 
no detrimental effects when livestock fed upon pasture 
treated with several herbicides. 


Alfalfa seed production is an important industry 
in many states. Dodder is becoming an increasingly 
serious threat to that industry, especially in the in- 
termountain area. Heavy infestations of dodder actual- 
ly kill the alfalfa growth and prevent seed production. 
Timmons has found one of the herbicidal oils to be 
better than other treatments but his leads to date 
have been mostly a challenge to expand his research. 


The fact that 380,000 acres of mesquite were ° 
sprayed in Texas in 1951 is an outstanding example of 
the soundness of investments in agricultural research. 
The work of C. E, Fisher of the Texas station and 
D. W. Young and later Ww. M. Phillips of the Bureau of 
Plant Industry, Soils, and Agricultural Engineering, 
on the control of mesquite is being put into practice 
by ranchers almost before the data can be summarized. 
We recognize however that all mesquite sprayed with 
2,4,5-T has not been killed. A problem of even great- 
er magnitude is the brush growing in association with 
mesquite that is not controlled with 2,4,5-T. 


The earlier work of D. A. Savage and —. H. * 
McIlvain on the life history of sand sagebrush not 
only resulted in successful mechanical treatments, 
but also provided information on the physiology of 
the plant that was of value in interpreting their 
successful results from spraying with 2,l-D. 


Our entrance into the aquatic weed field in the 
west grew from a request by the Bureau of Reclamation, 
Department of the Interior, for information on weed 
control as a problem in the maintenance of their vast 
irrigation ditches. Submersed water weeds obstruct 
the flow of water, raise the water level in the canals, 


increase seepage losses and sometimes result in canal 
overflows and breaks. Prior to 1947 these weeds had 
to be removed by chaining or a dragline or other me- 
chanical methods. These metnods were expensive. In 
1947, through the cooperative efforts of the two 
federal agencies, the so-called aromatic solvent 
method for the control of water weeds in ditches was 
developed. The job is now easier, more efficient 
and less expensive. Two hundred thousand gallons of 
— solvent were used in 1950 and probably more 
in 1951. 


Of the many emergent type waterweeds, cattail is 
one of the most serious in irrigation systems. E. T. 
Oborn at the Denver, Colorado, Federal Center and 
Timmons in Utah, are studying methods of its control. 
Complete eradication can be obtained by cutting the 
cattail below the water level two or three times each 
season. Four pounds of 2,4-D in combination with 
either TCA, ammonium sulfamate or diesel oil is also 
giving good control. 


One of the most intriguing projects in our Bureau 
is the work that V. F. Bruns has underway at Prosser, 
Washington, where he is investigating the behavior of 
a number of weed seed species when stored in irrigatior 
water. The practicability of such a study is obvious 
to all of you ami I am sure you will be interested in 
his forthcoming article in "Weeds". 


The United States Department of Agriculture began 
its weed research in 1902 on the control of Johnson 
grass. We are still working on that grass, as well 
as are a number of state experiment stations. H. F. 
Arle's interest has been primarily in the field of 
ditchbank control of Johnson grass in Arizona. 


Although bindweed has been intensely studied 
since 1935 by our Bureau, and earlier by a number of 
you in the audience, we still consider this weed a 
problem. 


A roll call of our perennial weed investigators 
would include Hagood in Georgia and Harris in Mississip- 
pi wrestling with nutgrass, Miller in Minnesota on 
Canada thistle and leafy spurge, Hodgson in Idaho on 
white top and perennial ground cherry, Bruns in Wash- 
ington on Canada thistle, in addition to others pre- 
viously discussed in this paper. Historically speak- 
ing, the bindweed work of Stahler, Timmons, L. S. Evans, 
and Seely is undoubtedly the most comprehensive of any 
project to date, insofar as the Bureau of Piant Indus- 
try, Soils, and Agricultural Engineering is concerned. 
In many respects, all of the perennial weed work has a 
common denominator. Even though they can, in the main, 
be kept under control with present day herbicides, 
practical control must still rely upon good farming 
methods, including tillage and crop competition tech- 
niques. 


Research on the absorption and translocation of 
radioactive 2,l-D is being done at Beltsville, Mary- 
land and Denver, Colorado. The former by P. J. Linder 
in cooperation with J. W. Mitchell of the Division of 
Fruit and Nut Crops and Diseases, and the latter by 
Oborn in cooperation with the Bureau of Reclamation 
ot the Department of the Interior. Obom is giving 
special attention to cattail in his radioactive work. 


C. R. Swanson is just beginning his program at 
the Plant Industry Station, but has already obtained 
some interesting preliminary results which indicate 
that the rate of respiration of grain harvested from 
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2,4u-D treated plants, increased with increased rate of 
2,4-D, was greatest following treatment at the most 
susceptible stages of growth, and was increased when 
yield was reduced. The wheat samples were obtained in 
cooperation with C. J. Willard of the Ohio station and 
Swanson's work is a continuation of studies already 
completed on the effects of 2,l-D on the yield, protein 
content, germination, cooking and baking quality, and 
flour yield and quality of soft red winter wheat. This 
Bureau, aided with the earlier studies of the effect of 
2,4-D on the protein and flour quality of hard red and 
soft red wheat, and welcomes the opportunity to study 
this problem further, in an effort to increase our 
knowledge of the effect of 2,l-D on the cereal crops. 


In addition to the physiological work, we feel 
that perhaps one of the best services that our Belts- 
ville group can do for both state, federal and indus- 
trial weed men, is to expand our screening program. 

In cooperation with the National Research Council and 
industry, this program is now underway. W. C. Shaw, 
Swanson, Linder, and Mitchell have screened approximate- 
ly 1100 compounds within the past 12 months. These 
results are being summarized and will be made available 
upon request. Attention is being given to the develop- 
ment of experimental application equipment for screen- 
ing chemicals in the greenhouse and in the field, and 
some progress has been made in the standardization of 
techniques. These studies will be published shortly 
in "Weeds". 


It is a pleasure to state to you that the Bibli- 
ography of Weed Investigations is now available for the 
asking. We are also supplying the same material to the 
"Weeds", the journal of the Association of Regional 
Weed Control Conferences. Shaw, who has been primarily 
responsibile for this undertaking, would welcome sug- 
gestions, but more particularly your reprints and other 


references for making the Bibliography as complete as 
possible. 


Last summer Stahler and S. J. McBirney were both 
transferred to the campus of the University of Mis- 
souri in an attempt to insure closer coordination be- 
tween the biological and engineering phases of the 
Bureau's program. It is felt that both phases can be 
more productive if coordinated in this manner. Other 
engineering personnel include Rk. E. Larson at Minne- 
sota, W. G. Lovely at Iowa, and W. E. Meek at Missis- 
Sippi. Both Larson and Lovely have reported on their 
work at this conference. Meek is contributing to the 
cotton mechanization program. 


During the past summer Stahler participated in a 
pesticide conference in Great Britain that was inter- 
national in scope. At the present moment Timmons is 


being processed shipment to India, relative to a 
study of the GansaSserase problem in which our govern- 
ment is interested. While these activities may not be 
research in the strictest sense, they are functions 


for which we must assume some responsibility. 


A Bureau Weed Committee, organized at the Plant 
Industry Station, is composed of representatives of 
all Divisions having a direct interest in weed control. 
This group acts as an advisory committee to the Divi- 
sion of Weed Investigations in providing a better 
understanding between all Divisions on matters of 
weed control. 


A United States Department of Agriculture Weed 
Committee serves in a similar capacity at the Depart- 
ment level. A parallel committee exists within the 
Department of the Interior because they too have weeds 


- the Bureau of Land Management, Department of the 
Interior, has 1,500,000 acres of halogeton infested 
land. These two committees meet as an interdepart- 
mental committee in joint session every two months to 
discuss weed problems of mutual interests. 


In discussing our program so briefly, I have not 
had time to show the interrelationships between Bur- 
eau, state and industrial weed personnel. I am sure 
that all of you realize that ours is only one part of 
a job that is being aggressively tackled by all for 
the improvement of agriculture. It is a situation 
where teamwork is a necessity and should therefore be 
taken for granted. I appreciate the opportunity of 


appearing on this program. 


DEFOLIATION AND PRE-HARVEST WEED CONTROL IN POTA- 


TOES AND FLAX 


W. P. MacDonald 

A survey of the sources of information on the 
subject indicates a very lively interest in the 
defoliation of potatoes and an almost complete lack 
of concern with pre-harvest weed control. This is 
accounted for by the nature of the crop and the con- 
ditions under which it is grown. Commercial potato 
producers are very conscious of weed control mea- 
sures. Occasional use is made of chemicals tut for 
the most part cultural weed control practices are 
relied upon. In the important commercial potato 
areas, weeds simply are not a problem at harvest 
time. It is true there are exceptions, but in the 
main the weeds are eliminated by cultivation in the 
early part of the season. Later, when the vines 
become heavy, very few weeds are capable of compet- 
ing with the crop. Of the individuals from whom 
information on the subject was requested, only Dr. 
Herb Findlen of the Red River Valley Potato Research 
Center at East Grand Forks, Minnesota indicated 
that the pre-harvest control of weeds might be impor- 
tant under some conditions. 
ally at harvest time setaria spp. gain a foothold as 
the potato vines dry up, either from natural maturity 
or vine killing. The problem created by these annual 
grasses is the formation of root-bound clods which 
are difficult to separate from the potatoes in har- 
vest. The grasses can not be eliminated through one 
operation with a roto beater or one application of a 
vine killing chemical. The beaters can not be oper- 
ated near enough to the soil surface to take out the 
seedling grasses and the vine killers may fail to 
eliminate them because of the dense canopy of vines. 
When such a situation arises it may be necessary to 
go over the field a second time with a vine killer 
after the potato tops have been knocked down by the 
first application, leaving the grasses unprotected. 

The defoliation of potatoes for purposes other 
than the control of weeds is a generally accepted 
practice. According to the reports received, by far 
the most common method of eliminating the vines is 
through use of the implement known as the roto beater. 
These machines are generally driven by a power take- 
off from a tractor and involve a horizontal shaft 
operating at fairly high speeds and provided with pro- 
jecting metal or rubber fingers. As they pass over 
the rows they grind up the above-ground parts of the 
plant ordinarily leaving just a stump of the main stem. 
Other methods of defoliation include flame throwers 
and both wet and dry chemicals. Of the chemicals the 
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most commonly used is dinitro ortho-secondary-butyl- 
phenol with either water or oil or both as a carrier. 
Sodium arsenite and sodium nitrate have also been used 
as sprays. Dinitro dusts and Aero-cyanomid have been 
applied as dry materials. The widespread adoption of 
potato defoliation has been brought about by the in- 
troduction of certain new production techniques and 

is intended to gain several advantages. Fungicides 
and insecticides currently being used tend to keep the 
vines green much later in the season. Unless the vines 
are matured, causing the tuber skins to set, a low per- 
centage of high-grade tubers may result at digging time. 
Vine killing and pulverizing is also essential to the 
satisfactory employment of mechanized potato harvest- 
ing equipment now coming into general use. As indicat- 
ed previously, many growers rely entirely on the roto 
beater to get rid of the vines. Others may use a chem- 
ical spray following which the beater goes over the 
field just before harvest. Mechanical defoliators 

must be carefully operated to kill a maximum of top 
growth without being permitted to run into the row and 
damage lightly covered tubers. In dry seasons any type 
of defoliation may result in tuber discoloration. It 
appears that the exact cause of the tuber discoloration 
is not fully understood but it definitely is associated 
with dry seasons and quick vine kills. 


With the increasing use of fertilizers, fungicides 
and insecticides, defoliation of potatoes is likely to 
increase rather than decrease in use. Defoliation is 
for the most part designed to advance and facilitate 
harvest operations but by its very nature will also 
result in the destruction of any weeds that may be pres- 
ent in the field at harvest time. 


Flax 


The presence of green flax plants or weeds in the 
field at harvest time presents a distinct problem to 
the flax seed producer. Flax is a notoriously poor 
weed fighter, and as it provides little shade when 
ripening, weeds are apt to make a heavy growth at 
that time. In the northern flax growing area common 
flax field weeds are - rough pigweed, lLambsquarter, 
smartweed, thistles, sunflowers and marshelder. 
Troublesome grasses include setaria spp., wild oats 
and barnyard grass. When weeds are present after the 
flax ripens it is necessary that the flax be cut and 
tied with a binder or layed in a swath before it can 
be threshed. In either case it is subject to weather- 
ing with accompanying loss in value. It is known that 
in unfavorable seasons flax so handled may suffer 
significant losses from shattering. Also in some of 
the areas where the crop is grown under irrigation the 
flax plant itself simple refuses to mature. Long after 
some of the bolls have ripened new bolls may continue 
to develop to complicate the harvest problem. The ob- 
jective of a pre-harvest weed control and defoliation 
pian for flax would be to force the maturity and stop 
the growth of both the flax and accompanying weeds. 
Such action would permit earlier harvesting by 
straight combining or at least minimize high-moisture 
plant material in shocks or swaths. Even if complete 
kills could not be obtained, swathed flax could be 
picked up earlier, thereby reducing the possibility 
of weather or insect losses in the field. 


Some of the earlier flax defoliation work was 
done by The Dow Chemical Company in the Imperial 
Valley in California in 1947. In these tests Dow 
General Weed Killer (dinitro ortho-secondary-butyl- 
phenol) was applied at the rate of 2 pints per acre 


with 15 gallons of diesel oil. At the time of appli- 
cation the flax was at a normal stage for windrowing. 
Some plents contained green bolls with plump white 
berries which produced normal seed when dried. Five 
to seven days after treatment the fields could be 
straight combined. It was observed that if combining 
was further delayed new weed growth began to appear. 
The spray was applied by airplane. At threshing time 
the flax seed from the treated area contained con- 
siderably less dockage than the untreated. Losses from 
windrowing were estimated at from 2 to 3 bushels per 
acre. In the treated area weed seeds were dry and 
either were shattered by the combine reel or separated 
in the threshing operation. It is also possible that 
because of the spray application some weed seeds fail- 
ed entirely to develop. The investigators reported 
that complete drying of dense weed stands was not al- 
ways accomplished but in every case harvest was made 
easier. One bushel of increase in yield per acre is 
considered sufficient to cover the cost of applica- 
tion. Germination tests conducted at the Meloland 
Experiment Station showed that the treatment had no 
411 effects on the viability of the flax seed. It is 
reported that more than fifteen thousand acres of flax 
were sprayed commercially in 1948. Ten gallons of oil 
is considered to be a minimum quantity of carrier for 
the spray. 


In 1948 John E. Swift, Farm Adviser in Imperial 
County, divided a flax field into two equal parts, one 
of which was pre-harvest sprayed with dinitro general 
and direct combined. The other was not sprayed but 
windrowed at harvest time. Subsequent yield determi- 
nations revealed that on the sprayed area the flax 
yielded 35.9 bushels per acre and on the unsprayed 
area the yield was 27.5 bushels for an advantage of 
8.l, bushels from spraying. In this test the dockage 
was estimated at 50% as much on the sprayed as on the 
unsprayed parts of the field. 


Some work on flax defoliation has been done at 
the University of Saskatchewan under the direction of 
Dr. J. B. Harrington who reports that several chemi- 
cals were used but the tests were started late and dry 
weather which followed made conclusions impossible. 

He does report that there were some differences and the 
results were encouraging but the tests have not been 
repeated. 


During the last two years tests have been con- 
ducted at the Montana Experiment Station by Dr. E. R. 
Hehn. Flax growing is made very difficult in the 
irrigated valleys of Montana both because of the weed 
problem at harvest time and failure of the flax plants 
to mature. In the 1950 defoliation and weed control 
tests the chemicals used were 2,li-D, 2,l,5-T, and brush 
killers at several rates, and dinitro general. Two 
pints of dinitro with 15 gallons of diesel oil gave 
the best results. A few days after the applications 
the flax was cut and immediately threshed. Moisture 
content of the flax seed from the area treated with 
dinitro was 17.5% compared to 52.3% moisture from the 
check plot and the other treated plots ranged from 
28.3% to 55% moisture. There were no significant dif- 
ferences in the yields obtained but this test did not 
involve different harvesting techniques. 


The Montana tests were continued in 1951. On 
September 1 flax was sprayed by airplane using two 
pints of dinitro general and 5 gallons of diesel fuel 
per acre. Yield samples were taken September 25. The 
untreated area yielded 16.7 bushels and the treated 
18.5 bushels per acre. The difference in favor of 
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the treated was not considered significant. At the 
time of Dr. Hehn's report in early November of this 
year, the treated area had been combined by the owner 
whereas the untreated flax was still in the field which 
was covered by six inches of snow. In Dr. Hehn's tests 
combinations of two or three pints of dinitro general 
with 10 or 15 gallons of oil applied with ground equip- 
ment showed no significant differences in degree of 
kill. Moisture content of the entire above-ground 
portions of the flax plants was reduced an average of 
approximately 10% one week after spraying. Based on 
Dr. Hehn's report of the previous year, it would seem 
safe to assume that the greatest part of this reduction 
in moisture occurred in the top most, or seed-bearing 
parts of the flax and weeds. 


In 1951 Dr. L. A. Dersheid of South Dakota State 
College sprayed plots of Marine flax by airplane using 
2 and 3 pints of dinitro general and 2, 6 and 10 gal- 
ions of #1 fuel oil. When sprayed the flax was almost 
ripe. After one week the top growth of all weeds ex- 
cept wild buckwheat was killed. All six treatments 
were equally effective. Derscheid suggests that on the 
basis of his results it would seem that if the spray 
was applied two or three days before the flax ripened 


the use of straight combine harvest methods would be 
facilitated. 


H. A. Zuhl of The Dow Chemical Company and D. E. 
Kratochvil of the U. S. Department of Agriculture coop- 
erated on some flax defoliation tests at Fargo, North 
Dakota in the season just past. A field was sprayed 
by airplane using 2 pints of dinitro general in 2, 5} 
and 11 gallons of oil per acre and 8 pounds of sodium 
monochloroacetate in 8 gallons of water per acre. Five 
days after treatment it appeared that all of the treat- 
ed areas could have been straight combined with no 
important differences between the treatments. Weeds 
and flax had dried satisfactorily although there was a 
considerable growth of weeds, including setaria spp., 
in the field. At the end of the five day period there 
was no significant reduction in the moisture content 
of the flax seed from the area treated. A very weedy 
field was also sprayed by Zuhl at Northwood, North 
Dakota. He reports that in this case none of the 
treatments killed the weeds back sufficiently to per- 
mit straight combining. This test causes Zuhl to 
question if through the use of dinitro sprays the weed- 
iest fields can ever be put in shape for straight com- 
bining by air applications. Even though straight com- 
bining was not possible on these weedy fields the 
grower would still partially gain his objective in 
that the treatment would permit speedier drying of 
swaths with less delay in threshing. 


Philip H. Marvin of the Geigy Company reports on 
some defoliation tests conducted by his company in 
1951. In their trials they used a 0% pentachloro- 
phenol solution diluted at 1-7 with fuel oil. This 
solution was applied at the rate of 3 gallons per acre 
at the time flax normally would be swathed. He com- 
ments that flax so treated can be combined within 36 
to 48 hours if the temperatures average above 70 de- 
grees. It is suggested that for very weedy flax the 
dosage required is at least 5 gallons per acre using 
a 0% pentachlorophenol mixed at 1-9 with fuel oil. 
Marvin reports that the action of the defoliant is 
relatively fast when good harvest conditions prevail 
and is slowed down materially by humid conditions such 
as were experienced in the northern flax area in 1951. 
Two fields which were sprayed this year had to be left 
Standing for two weeks because of rain after spraying. 


At the end of two weeks there was some regrowth of 
weeds. All of these applications were made with air- 
craft. It is Marvin's opinion that on fairly clean 
flax most any type of plane is suitable but that on 
weedy fields Steerman's or Waco's give better penetra- 
tion than the lighter planes. The Geigy Company was 
sufficiently encouraged by their trials this year to 
be making plans for additional tests in future seasons. 


Warren Walkinshaw, a commercial aerial spray 
operator at Argusville, North Dakota, reportedly spray- 
ed about 500 acres of flax for pre-harvest weed con- 
trol this season using pentachlorophenol in oil with 
generally good results. 


A. T. Slough of F. H. Peavey & Company made aeri- 
al applications of 2 and 3 pints of dinitro general 
with 2 and 5% gallons of oil on ripening flax in 1951. 
He also made an application with a ground sprayer us- 
ing 2 pints of dinitro general and 10 gallons of oil. 
With the air application the top most parts of the 
weeds were killed but there was still sufficient green 
growth to preclude straight combining. The ground ap- 
plication resulted in a complete kill and straight com- 
bining would have been practical. He concluded that 
the greater volume of carrier used with the ground rig 
was important and also that the ground equipment had 
the advantage of driving the spray down into the 
foliage whereas with the air treatment the spray tend- 
ed to merely drift on to the plants. 


No studies have been reported to date which might 
indicate the loss which would be sustained from the 
operation of ground equipment in ripening flax fields. 


The general presence of both broad-leaved and 
grassy weeds in flax fields and the natural tendency 
of the flax plant to refuse to mature would seem to 
warrant further investigations in subsequent seasons. 


CHEMICAL DEFOLIATION OF CCTTON . 


John M. Green 


Defoliation is a natural process in cotton, which 
is inherently a deciduous perennial. Defoliation re- 
sults from the formation of an abscission layer at the 
base of the petiole. Formation of the abcission layer 
may be caused by stress conditions resulting from 
drought, disease, starvation, or frost. Application of 
proper chemicals at the right time, in the right amount, 
and under favorable conditions will cause defoliation 
by creating stress conditions. 


Perhaps the earliest notes on benefits of defolia- 
tion recorded in America are to be found in the diary 
of William Johnson 1/, a free negro living near Natchez. 
The entry in his diary for Sept. 13, 18h, reads in part 


"...Went on Down and found that the cotten was per- 
fectly Striped of all there leaves in some places, 
and after Looking at it for some time I came to 
the Conclusion that instead of an Injury it was a 
Benefit to the Cotten Growers, for all the Lower 
Bolls would open and the worms did not affect none 
but the very smallest Kind of the young bolls and 
that the Cotten was not as subject to trash, as if 
Left in its natural state, and that the Hands will 
pick more than they Could if the worms had not 
have Eaten the Leaves, PPT 
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The first chemical defoliation was attempted as an aid 
in reducing boll rots at the Pee Dee Experiment Station 
in South Carolina after workers there discovered in 1938 
that calcium cyanamid fertilizer drifting onto dew-wet 
cotton leaves caused defoliation. In 192 large scale 
defoliation experiments were conducted at Stoneville, 

Miss., where the aim was to remove leaves to aid me- 

chanical harvest. Currently all cotton states are in- 

terested in chemical defoliation because of one or 
more of the following benefits; (1) reduction of boll 
rots, (2) hastening of boll opening, (3) aid in insect 
control by destruction of boll weevil food and making 
possible earlier plowing, (4) speeding up hand snap- 
ping, (5) reduction of brush in machine harvested cot- 
ton, and (6) making possiole an earlier harvest. 


In order for chemical defoliation to be successful 
plants must be active yet at reproductive maturity. 
With indeterminate growth characteristic of cotton 
different parts of the plant will be in different 
stages of maturity. The time of application must be 
determined by a good guess. With some knowledge of 
boll development a more intelligent guess on time of 
application can be made. As an average, cotton fibers 
attain full length in 20-25 days, and a boll attains 
full size in 25 to 30 days. Oil content increases up 
to 4S days, and protein content may increase even after 
the boll is open. Successful defoliation will stop boll 
development soon after the application of the chemical. 
Where there is no cutout in blooming, the grower must 
decide how many young bolls he wants to sacrifice, or 
how late a frost he can expect. Where there is a 
natural cutout the defcliant should be applied when the 
youngest bolls are 20 to 25 days old. Under irriga- 
tion the date of application will depend on the date 
of the last irrigation. 


Factors affecting defoliation have been summarized 
in 1951 Defoliation Guides 2/, published by the Nation- 
al Cotton Council. These are presented on the follow- 
ing page. 


The chemicals currently available are applied 
-s dusts or sprays. The dusts are calcium cyanamide, 
endothal, and monosodium cyanamide. The first requires 
dew, the second works best with dew, and the third will 
work in the absence of dew. Rates of application range 
from 25 to LO pounds per acre. 


Six spray formulations are on the market at pre- 
sent, and additional experimentals are being tested. 
The spray chemicals: and their range of rates are as 
follows: Sodium chlorate with borate, 42% and 50%, 

5 - 10 lbs./A; monosodium cyanamide, 5 - 15 lbs. 

active ingredient per A.; sodium monochloroacetate, 
86%, 5 - 8 lbs./A.; potassium cyanate, 91%, 5 - 12 
lbs./A.; Endothal (disodium 3, 6 endoxohexahydrophtha- 
late) 16%, 1 - 6 1lbs./A.; and pentachlorophenol in oil 
2%, 3 - 10 gal./A., and 8%, 1 - 3 gal./A. Two addi- 
tional spray chemicals were tested in Oklahoma in 1951, 
but their chemical formulae are not available. With 
the exception of pentachlorophenol, all sprays tested 
in Oklahoma in 1951 caused 80% or higher defoliation 
at one or more of the rates tested. By nature of its 
strong tissue destroying action pentachlorophenol char- 
acteristically causes little defoliation but tends to 
freeze the leaves to the plant. 


In 1950 an estimated 1,550,000 acres, or 8 per- 
cent of the cotton acreage were defoliated compared to 
practically none in 1946. In 1951 greater interest 
was shown in the Texas-Oklahoma area than in previous 


FACTORS AFFECTING DEFOLIATION 


Conditions that favor 


Good defoliation 


Poor defoliation 


WEATHER 
Temperature High during day and night 
Humidity High: dew needed for some 
defoliants 
Wind None or low 


Soil moisture 


PLANT CONDITIONS 
Growth history 


High to adequate 


Ample fertility and mois- 
ture, high temperature, com- 


plete insect control 


Nutrients Should be ample but not too 
much nitrogen 

Leaves Should be turgid, not tough- 
ened 

Maturity Boll load heavy, all bolls 


mature, vegetative growth 
ceased, little or no second 


growth 


years, and a larger acreage was treated than previous- 
ly. Wider adoption of the use of chemical defolia- 
tion is indicated by the rapid increase in use of 
mechanical harvesters. 


Better information is needed on rates of applica- 
tion under different conditions, and on methods of 
application. The problem of second growth (appear- 
ance of new leaves after defoliation) needs further 
study, particularly in areas where the cotton harvest 
precedes frost. With chemicals available that success- 
fully defoliated cotton in Oklahoma in 1951 (follow- 
ing very unfavorable conditions) the greatest need 
now is for information and equipment to enable us to 
properly use the chemicals. 


1/ William Johnson's Natchez. The Ante-Bellum Diary 
of a Free Negro. Ed. W. R. Hogan and &. A. Davis. 
La. State Univ. Press. 1951 


2/ Chemical Defoliation of Cotton. 1951 Defoliation 
™~ Guides. Nat'l Cotton Council. 1951 


PRE-HARVEST SPRAYS FOR SOYBEANS 


F. W. Slife & J. L. Cartter 


Pre-harvest sprays in soybeans is not a new idea, 
but interest has been revived within recent years with 
the introduction of new chemicals for this purpose. 


Calcium cyanamid was thoroughly tested for soy- 
beans defoliation at Midwest experiment stations in 
the early 'hO's. The results were quite variable and 
Since there seemed to be little advantage from de- 
foliation, it was not recommended as a standard prac- 
tice. 


Low - 
Low (dry) 


High, continuous 
Low 


low fertility, drought, high 
winds, low temperature, poor 
insect control 


Low, except that low potash 
may result in premature de- 
foliation 


Wilted and toughened 


Sparse boll load, few bolls 
mature, vegetative growth 
still vigorous or second 
growth profuse 


Soybean defoliation is different from cotton de- 
foliation in that it is not necessary to remove the 
leaves. The prime purpose is to kill the plant so 
that it will dry up and can be harvested sooner. In 
cotton the leaves must be removed if top-quality cot- 
ton is to be obtained from mechanical picking. 


Soybean defoliation has been re-named to top 
killing or pre-harvest spraying since it is not possi- 
ble to get true defoliation in soybeans except when 
chemicals are applied a few days before natural de- 
foliation would occur. 


Several reasons have been given for using chemi- 
cals in soybean fields prior to harvest. 


(1) A higher price might be obtained from the 
beans by reaching the market before the 
regular harvest season. 


(2) It would be easier to plant winter wheat 
regularly following soybeans. 


(3) To avoid fall rains that are frequent dur- 
ing the bean harvest season. 


(4) It could be used as a weed-control spray to 


dry up green growing weeds so that combining 
would be easier. 


It seems that the last reason is the most impor- 
tant. In some situations the first three reasons for 
using chemicals can be answered easier by using an 
early-maturing variety of soybeans. In our tests we 
have been able to speed up the normal harvest date of 
soybeans by using chemicals an average of 3 to k days 
but as much as 1 week without reducing yields. If an 
earlier harvest is desired, then some reduction in 
yield must be expected. There undoubtedly will be a 
demand each year to speed up the harvest of nonweedy 
beans by using chemicals but surely there will be a 
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bigger demand to kill green weeds that interfere with 
harvest. At the Illinois Station we have used a number 
of chemicals for pre-harvest sprays in soybeans. We 
have obtained good results with Endothal, monochloro- 
acetate, pentachlorophenol in oil, sodium pentachloro- 
phenate, sodium chlorate-borate mixtures, potassium 
cyanate, sodium cyanamid and contact dinitro in oil. 

It appears from these tests that there are a number of 
chemicals that can be used. Only further tests will 
indicate if different chemicals effect the rate of dry- 
ing. It should be mentioned that there may be other 


chemicals just as effective but we have not tested them. 


These chemicals can be applied by plane or by 
ground equipment. Excellent results have been obtained 
by plane application when soybean fields were weed free 
or where weeds were not too thick to prevent penetra- 
tion of the chemical. Where fields have been extremely 
weedy, plane application has given poor results and 
ground equipment seems to be the only answer in this 
Situation. In our tests we have used a tractor equiped 
with fenders to move between the bean rows. With this 
type of equipment it is possible to use enough spray 
to get complete coverage of weeds and beans in extreme- 
ly weedy fields. High clearance sprayers are also well 
adapted for this purpose. 


In summing up this topic, we do believe there is 
a place for pre-harvest sprays in soybeans. The main 
use for these sprays will probably be for weed control, 
but some will be for speeding up the harvest of soy- 
beans. More research needs to be conducted particular- 
ly to find out if chemicals and oils have any effect on 
soybeans that may be harmful to soybean oil or other 
soybean products. 


HERBICIDAL PROPERTIES 
of 


SODIUM 2,l-DICHLOROPHENOXYETHYL SULFATE 


R. H. Wellman 


Sodium 2,li-dichlorophenoxyethyl sulfate, sold 
under the trade name of "Crag" Herbicide 1, by Carbide 
and Carbon Chemicals Co., is unique in that it is con- 
verted to the active form in the soil. Data to be pre- 
sented at the Northeastern Weed Control Conference by 
Vlitos and King show that this conversion will take 
place in sterile soil if the pH is h or less. At high- 
er pH's (less acid soils), the conversion will not take 
Place in sterile soil but will in the presence of soil 
micro-organisms. The rate of conversion depends on the 
soil temperature. At 1°C. conversion takes place in 
or 5 days, however at 30°C. conversion is complete in 
about 3 hours. Of course plants also will germinate 
much less rapidly at the lower temperatures so that 
this difference in rate has no practical significance. 


The necessity for conversion in the oil before the 
herbicide is active means that the chemical has no ef- 
fect if applied only to the foliage. In green house 
tests, sprays containing more than 0.25% chemical, 
applied in such a manner as to completely shield the 


soil so that foliage alone was treated, gave no response. 


In use extremely sensitive crops will show formative ef- 


fects due to pick-up of the converted chemical from the 
soil. The factors mentioned above place a limitation 

on the use of this chemical. It can only work on weed 
seedlings which are very small. In practice we recom- 
mend that it be used either pre-emergence or before the 
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weeds have reached 1/2" in height. Such small weed 
seedlings will have their roots near the soil surface 
where they can pick up considerable concentrations of 
the herbicide. It is not effective on established or 
perrenial weeds. It is useful, therefore, in taking 
germinating seed seedlings out of established crops. 
It may also be used for certain large seeded c rops 
which are planted deeply. Because of the soil micro- 
bial conversion, this material will not work where the 
soil is extremely dry at the surface, such as is the 
case in the irrigated soil of California during the 
summer. However, it does not need highly moist soil 
since good results have been obtained over a wide por- 
tion of the country under normal growing conditions. 
It can be seen that the drift hazards associated with 
2,4-D will be minimized with this material since drift 
onto nearby foliage will be without effect. 


This chemical is currently being marketed for 
commercial use on strawberries prior to and following 
the picking seasons. It is also being marketed for 
experimental use on asparagus prior to and after the 
cutting season. Its lack of drift hazard is being 
taken advantage of in the Hawaiian Islands by the sugar 
growers where, in the past, serious damage to pine- 
apples has beenemerienced following the use of 2,l-D. 
It would seem that this same advantage might be 
realized by corn growers in the Southwhere drift dam- 
age to cotton is a problem. The experimental results 
are promising on roses, raspberries, nursery stock, 
sweet potatoes and potatoes at lay-by 
time. This material should not be used on cotton, 
bush or pole beans. The experience with lima beans 
has generally been favorable, however since a driving 
rain immediately after application may carry the 
chemical down to the germinating lima bean seedling 
and cause ¢rop damage, it is not recommended for this 
crop. 


The dosage necessary will vary with the type of 
soil from 2 to pounds per acre. The lighter sandy 
soils will take the lower dosage and the heavier 
loam will need the higher dosage. On muck or peat 
soils the dosage may be still higher. Since this 
chemical acts through the root system, it is essen- 
tial that uniform coverage be obtained. This has 
been done by using 20 to lO gallons of water per acre 
as a carrier for the chemical. Since the chemical 
is readily soluble in water, no formulation diffi- 
culties are anticipated. 


Examples of weeds successfully controlled during 
the germinating stage are: chickweed, lambsquarter, 
purslane, redroot, carpetweed, crabgrass and fox- 
tail. The duration of effectiveness from a single 
treatment is from two to four weeks depending on 
climatic conditions. 


MALEIC HYDRAZIDE 
Edgar C. Tullis 


Investigators have found that maleic hydrazide 
affects both broadleafed plants and grasses. AS a 
herbicide it is effective when used at various con- 
centrations on wild oats, foxtail, Johnson grass, 
water grass, Bermuda grass, species of Paspalum and 
wild onion. Concentrations necessary to kill com- 
peting grasses injure some crop plants but not others. 
Deterioration of certain vegetables in storage can be 
Slowed by using maleic hydrazide before or after har- 
vest. Temporary growth inhibition has been reported 
such as preventing of suckering in tobacco and of 


bolting in lettuce. Reports of delay of blossoming of 
raspberries, apricot and cherry, and elimination of 
fruit development in other plants suggest additional 
fields for investigation. Growth of Alternaria solani 
was inhibited in glass slide tests, aS was gall for- 
mation in tomatoes infected with Phytomonas tumefaciens. 
This last case was suggested to be from bactericidal or 
bacteriostatic action, but probably is due to inhibit- 
ing action on the host. 


Extremely high acre rates have been reported to be 
required by some investigators; cost of such treatment 
would be prohibitive. 


CMU - A NEW HERBICIDE 


Dale E. Wolf 


CMU is the abbreviated name given to 3-(p-chloro- 
phenyl)-1,1-dimethylurea a compound, discovered in the 
du Pont laboratories, which has outstanding weed kill- 
ing properties. 3-(p-chlorophenyl)-1,1l-dimethylurea is 
a white crystalline compound melting at about 171°C. 
It is a neutral, stable substance and is not corrosive 
or flammable. Its solubility in water and in most or- 
ganic solvents is of a very low order, approximately 
230 ppm in Ho0 at 25°C. CMU has been formulated into 
a wettable powder which contains 80 percent by weight 
of the active ingredient. Dosages given in this paper 
refer to 80 percent CMU Weed Killer. 


Initial toxicity tests conducted by our Haskell 
Laboratory of Industrial Toxicology indicate that the 
LDso of CMU by oral administration to male rats is 
approximately 3500 mg./kg. of body weight. Comparably, 
2,4-D has an acute oral toxicity of approximately 700 
mg./kg. Feeding experiments to develop chronic toxici- 
ty information are in progress. CMU has been tested 
for primary skin irritation and skin sensitization po- 
tential on guinea pigs. No irritation was observed 
using a 33 percent CMU aqueous paste and there was no 
instance of skin sensitization. 


This discussion of CMU Weed Killer will be divided 
into four phases: 1) its use as a soil sterilant, 2) 
Selective weed control in crops, 3) the effect of CMU 
on plants, and hk) analytical methods for CMU. 


CMU has been widely tested by state and federal 
investigators in every state in this country and in 
Canada, Hawaii, Puerto Rico, and Alaska. Limited tests 
have been made in Great Britain, Honduras, and Sweden. 


Field test results obtained during the past two 
years have imiicated that 20 to LO pounds per acre of 
CMU Weed Killer will under most conditions control all 
vegetation in an area for a consicerable period of time. 
In a number of cases where LO pounds per acre of CMU 
has been used, control of all vegetation has lasted 
for 18 months. The lasting quality of this chemical 
makes it useful where it is desired to keep the area 
devoic of vegetation. Many tests have been conducted 
on railroads and, under most conditions, 20 to LO pounds 
per acre have been sufficient to give satisfactory con- 
trol. In some of our work, however, it has been neces- 
sary to apply as high as 80 pounds per acre to obtain 
complete control. We have not yet been able to com- 
pletely correlate all of the factors which determine 
the length of time which CMU remains effective after 
application. This probably depends upon type of vege- 


tation, soil type, soil moisture, pH, and the amount 
of rainfall received. It appears from the data we 
have obtained during the past two years that CMU at 
rates of from 20 to 80 pounds per acre can be recom- 
mended as a soil sterilant. 


Many of the tests conducted by state and federal 
investigators have dealt with the use of CMU as a 
selective weed killer in crops. From the data ob- 
tained to date it is evident that when CMU is applied 
at rates of from 1 to 5 pounds per acre as a pre- 
emergence treatment in crops, control of weeds for 
periods of from two to six months is obtained. From 
the standpoint of effectiveness and crop tolerance, 

CMU appears to have particular promise for the control 
of weeds on such field crops as sugar cane, cotton, and 
corn. Of the vegetable crops on which CMU has been 
tested, asparagus, carrots, and onions appear to be 
most tolerant to CMU. 


However, we recognize that a number of important 
questions remain to be answered before CMU can be 
recommended on crops. One of the major questions is 
"how long does it persist in the soil when applied at 
1 to 5 pounds per acre?" Many tests are in progress 
in all parts of the country to determine the persis- 
tence of CMU in various soil types and under various 
rainfall conditions. 


Another thing we need to know more about is just 
how CMU kills plants. Tests have indicated that it is 
not necessary to apply CMU to the foliage in order to 
kill most species. This raises the question of whether 
CMU as such is translocated. We are. developing a 
method of tissue analysis which will be usable to 
determine the presence of CMU in plant parts. This 
should aid greatly in a better understanding of how 
plants are affected by CMU. 


The initial symptoms produced by CMU usually ap- 
pear in the form of dieback of leaf tip and a burn of 
the leaf edges. This burn and dieback begins on the 
older leaves and is followed by progressive chlorosis 
and retardation of growth and ends with the death of 
the plant. 


Under dry conditions CMU generally acts very slow- 

ly. In one instance in Texas an application of CMU to 
Johnson grass was followed by three months drought. 
No marked CMU effect on the vegetation appeared during 
this drought. After a rain, however, the plants soon 
died. We are carrying out controlled tests to deter- 
mine more directly the effect of precipitation on her- 
bicidal efficiency when CMU is used as either pre- or 
post-emergence applications. 


Many of you who are working with CMU are interest- 
ed in methods of analysis. We are at present develop- 
ing both micro and macro methods of analysis for CMU. 
Of particular interest to most of you will be the micro 
analysis, since this method can be used for the deter- 
mination of CMU in soils. Development of such methods 
is nearing completion and we have already analyzed 
many different types of soils. In the near future we 
hope to make available a micro analytical method to 
those who are interested. 


Additional quantities of CMU will be available 
this next year for further testing. With another year 
of field testing, the place of CMU in weed control 
practices will be much more clearly defined. 


THE USE OF CHLORO IPC AS AN HERBICIDE 


K. P. Buchholtz 


The use of CIPC was studied extensively in the 
region during 1951. It is apparent from the results 
obtained that it differs materially from its related 
material, the unchlorinated IPC, observed in past years. 
The evidence available shows that the responses of both 
crops and weeds are materially different to post- and 
pre-emergence treatments. As with other pre-emergence 
treatments the level of soil moisture and rainfall re- 
ceived after application are of special importance. 

Some evidence exists that CIPC is decomposed more rapid- 
ly at the higher soil temperature levels. In future 
studies this may require adjustments in application 
rates depending on the soil temperature at time of ap- 
plication or expected shortly thereafter. 


CIPC appeared to be most promising when used as a 
pre-emergence treatment. It is more successful in 
controlling annual grassy weeds than the broad-leaved 
species. Applications of from to 8 lbs. per acre 
usually gave satisfactory to excellent control of the 
grassy weeds but applications of as little as 2 lbs. 
sometimes gave good results. One instance of the con- 
trol of wild oats in grain crops with 8 lbs. of CIPC 
was reported but the results could not be repeated. 
Control of broad-leaved weeds was less satisfactory and 
generally more variable than that of the grassy weeds. 
There was considerable evidence of species effects. 
Purslane and smartweed were usually controlled very 
well while ragweed was observed in one case to be very 
tolerant. Causes for variable results could not gen- 
erally be determined for weed species present in the 
experimental areas were usually not given. It is likely 
that working the soil after application of the chemical 
improves the results obtained when rainfall or soil 
moisture is limited. 


No reports were received of injury to sugar beets 
from applications of lbs. of CIPC per acre as a pre- 
emergence treatment. Some workers reported that 8 1b.” 
applications might be used safely on this crop while 
others reported injury at this rate. Soybeans and corn 
are probably similar to sugar beets in their tolerance 
of the chemical for injury occurred occasionally at the 
8 lb. rate. In two trials onions were observed to show 
no injury after treatment with 6 lb. applications. 

Flax appears to be especially sensitive and was severe- 
ly injured at rates of from 5 to 8 lbs. per acre. 


No reports were received indicating that post-emer- 
gence applications of CIPC had given satisfactory control 
of either grassy or broad-leaved weeds. Eight lb. ap- 
plications gave approximately 50 percent reductions in 
grass growth in one trial. Some crop plants showed leaf 
burning following post-emergence applications that may 
or may not have affected subsequent yields. Sugar beets 
were reported as being uninjured by applications of 8 
lbs. Flax, however, was severely injured by applica- 
tions of only 2 lbs. The partial tolerance of certain 
crop plants to foliage applications of CIPC may enable 
this chemical to be used in established crops as a soil 
treatment. In one trial no injury resulted to young 
cherry trees from applications of 20 lbs. of CIPC to 
freshly cultivated soil. This treatment greatly restri- 
cted weed growth during the remainder of the season. In 
another trial its use on mint fields appeared to have 
some promise. 


Limited evidence indicates that CIPC is not 


effective on the perennial weedy grasses when applied 
as a soil treatment. Bermuda grass was noted to re- 
cover from applications of 75 lbs. per acre made in 
mid-summer. Quackgrass was also noted to recover with 
little evidence of injury in several cases. In one 
case application of a 2 percent solution of CIPC to 
broomsedge resulted in its eradication. 


In conclusion CIPC appears to have promise for 
use as a pre-emergence herbicide. It is especially 
effective in controlling annual grasses. Applica- 
tions of from to 8 lbs. per acre are usually suf- 
ficient for this purpose. Under favorable conditions 
these applications will also give appreciable control 
of broad-leaved annual weeds. A number of crop plants 
including nursery stock, cotton,soybeans, corn, sugar 
beets, and possibly spinach and onions appear to have 
sufficient tolerance to make the use of CIPC a possi- 
bility in their production. CIPC does not: appear 
promising when used as a foliage application for 
satisfactory weed control is rarely obtained with 
reasonable rates. 


ENDOTHAL 


Le Roy Holm 


Several formulations of disodium 3, 6, endoxohexa- 
hydophthalate have been released for experimental pur- 
poses during the past two years. The manner of re- 
porting our work with the chemical this year makes it 
impossible to distinguish between formulations in most 
instances. It is believed that the various formulations 
have given comparable results with the exception that 
the addition of ammonium sulfate to serve as an acti- 
vator has resulted in an increased phytotoxicity at 
the loss of some selectivity to several crop plants. 
The concentrations referred to below are expressed as 
pounds of active ingredient per acre. 


The compound is almost totally ineffective against 
lambsquarter. For the second year we have reports of 
effective control of purslane with both pre and post- 
emergence sprays. Many workers have reported that the 
chemical is effective on broad-leaved weeds as well 
as grasses. The chemical was tried at rates up to 15 
lbs. aS a pre-emergence spray, with most work being 
done at and 6 lbs. At lbs. fair control of grass- 
es was experienced and at 8 lbs. and above control of 
both broad-leaved weeds and grasses was good on sever- 
al soil types. Post-emergence sprays of 2, and 8 
Ibs. per acre have given variable results for weed 
control. In general, annual grasses seem more suscep- 
tible than broad-leaved weeds to post-emergence sprays. 


Carrots, snap beans, strawberries, flax and wheat 
in most instances were injured by to 6 lbs. of the 
chemical as a pre-emergence spray or with lower rates 
after the crop had emerged. Corn, soybeans, potatoes 
and gladiolus are reported to be tolerant to pre-emer- 
gence sprays of to 8 lbs. Post-emergence applica- 
tions of 2 lbs. of chemical without the activator ap- 
pear to be satisfactory for canning peas, oats and soy- 
beans. First year plantings of sour cherry trees were 
not injured by 15 lbs. and the control of both broad- 
leaved weeds and grasses was good. 


Pre-emergence sprays of and 8 lbs. in onions have 
given good weed control on muck but the reports are 
not in agreement on the tolerance of onions to the 


chemical at this rate. Post-emergence sprays have 
given control of purslane and have reduced yields of 
onions but improvement in the technique of using di- 
rectional sprays and shields when applying the chemi- 
cal appears to hold some promise. 


A very substantial portion of the work reported 
was concerned with weed control in sugar and red beets. 
There are no reports of injury with ) and 8 lbs. when 
used as a pre-emergence spray. Considerable work has 
been done in an effort to control grasses with post- 
emergence sprays of 2 to 8 lbs. but the results re- 
ported on beet tolerance and weed control are so vari- 
able that no general trend can be detected. Beets ap- 
pear to hold some tolerance for post-emergence appli- 
cations but only future work will determine whether 


this level is great enough to also provide suitable 
weed control. 


SUMMARY OF RESULTS WITH NEW HERBICIDES 


W. C. Dutton 


A characteristic of the whole agricultural chemi- 
cals field is that few situations are static and fix- 
ed. We have materials that are accepted and widely 
used but no one of them is perfect and there are uses 
for which they are marginal or inadequate. This 
situation prevails with insecticides, fungicides, soil 
fumigants and others but is probably most typical of 
herbicides. 2,l-D is an example of a widely used ma- 
terial with which there have been radical changes in 
compounds and formulations used, methods of applica- 
tion and extensions and limitations on use. It will 
be a difficult material to displace for many uses but 
there is a constant effort to develop new materials 
for use in those places where 2,li-D and other products 
are marginal or inadequate. Some of these changes may 
be accomplished with materials now available but most 
such activity is with what we call "new herbicides" 
and we have attempted in the panel discussion which 
you have just heard and in this summary to bring to 
you a reasonable picture of what may be expected from 
some of these new products. The list of new herbi- 
cides includes, in a general way, those materials that 
are relatively new and have not been recommended by 
this Conference for some use. There are, however, 
exceptions to this rule as we have adopted the policy 
of not including some products that have been used 
for some time but have not been recommended. 


The information presented in this summary is based 
entirely on the abstracts sent to me. A few of these 
abstracts have been published under Project V in the 
Research Committee repart but most of them have been 
published in other projects and used here only for 
summarization. I suggest that you study these ab- 
stracts if you wish more detailed information than can 

be presented in this summary. 


This discussion is based on 99 abstracts and in- 
formation is presented on 17 chemical compounds. The 
number in parantheses after each material name indicates 
the number of reports received on it. A considerable 
number of abstracts received too late for use in 
writing the summary for the Research Committee were 
available for use in preparing this paper. The re- 
ported results are discussed in the following para- 
graphs. 


Parachlorophenoxyacetic acid (1) used as an ester 
-106- 


on buckbrush at 14 and 2 1b/A gave good indications 
but was not equal to 2,l-D. Two ine derivatives 
of carbonic and thiocarbonic acid 11) a shown her- 
bicidal activity with one of them being specific for 
grasses. (2) gave promising re- 
sults at 16 1b/A in post-emergence directed sprays on 
onions and in a pre-emergence application to direct 
seeded tomatoes at 16 1b/A controlled broadleaved weeds 
but reduced stand of tomatoes significantly. Sodium 
(2) at 16 lb. used on the direct 
seeded tomatoes in pre-emergence application also con- 
trolled weeds and reduced stand of tomatoes but was 


safe at 16 lb. in a directed post-emergence spray on 
onions. 


Sodium trichlorophenate (2) was not reported as 
being good at 8 to 12/A in a pre-emergence application 
on red beets but at 10 lb. in a pre-emergence applica- 
tion on onions gave good weed control and no yield 
reduction. Sodium tetrachlorophenate was also used 
on red beets and onions in a pre-emergence application 
but without really favorable results. Sodium trichlo- 
roacrylate (4) used for annual grass control in sugar 
beets at 16 1b/A was about equal to sodium TCA at 8 
lb. and in another trial in sugar beets at 6 1b. was 
not equal to TCA. Leafy spurge was not well controlled 
with rates up to 80 1b/A. and there were no favorable 
results on Russian knapweed wita 0 1b. 


Dichloral urea (11) was used in several crops and 
gave some good indications but most of the results were 
not favorable. Eight pounds was effective against fox- 
tail in sugar beets and with little injury to beets; 5 
lb. gave 100% control of crabgrass with only slight in- 
jury to blue grass; 16 lb. in peppermint gave fair con- 
trol of annual grasses and purslane but reduced the 
yield of oil; 8 1b. was ineffective against emerged 
foxtail; lb. in strawberries reduced runner count but 
not yield and 8 1b. gave fair to poor control of broad- 
leaved weeds and grasses and reduced runner stand; in 
a nursery, weed control was poor but there was no in- 
jury to some of the nursery plants present; in a nur- 
sery transplant bed lb. gave 25% weed control and 
caused bronzing of foliage; a pre-emergence applica- 
tion of 8 1b. in onions gave poor weed control and re- 
duced yield and in muskmelons , 8 and 16 lb. gave from 
15 to 55% weed control and caused chlorosis in leaves 
and seriously delayed maturity of the melons. 


Maleic hydrazide (11) was not reported very 
favorably in general weed control work but for some 
special uses it gave interesting results. A 2% spray 
on common milkweed at bud stage gave almost 100% re- 
duction in seed pod formation and on soybeans at 1, 

2 and  1b./A it eliminated the proliferation and root 
stimulation caused by 2,l-D. Six pounds per acre and 
less caused no injury to peas, red beets and sweet corn 
and 10 1b. applied to 12 inch grass in a cherry orchard 
stopped growth of grass and checked competition. One 
report indicates possibilities for wild oats control if 
oats emerge ahead of crops but another report indicates 
poor results for the selective control of wild oats in 
flax. Cereals and flax were generally affected by post- 
emergence treatments but were unaffected by pre-emer- 
gence application. Other wrk indicates 20 lb. neces- 
sary for control of foxtail and 0 lb. for wild oats. 
Eight to 12 1b./A was required for any degree of weed 
control in strawberries and these amounts caused severe 
reduction in yield and runner count. 


N-1-Naphthylphthalamic acid (1) seems to be very 
promising for annual grass control in vine crops. A 


4 1b. pre-emergence application in cucumber, muskmelon 
and watermelon gave generally good broadleaf weed and 
grass control and with yields at high levels. A se- 
lective application of 1b. on sweet potato gave good 
weed control and no yield reduction. Other reports 
indicate fair to good weed control in onions with no 
effect on the crop; good kill and stunting of grass 

in melons with 1 and 2 lb. being safe; fair weed con- 
trol in sweet potatoes but with yield reduction with 

2 and lb. and fair results in lima beans. In corn, 
3 and 6 1b. caused some yield reduction and was less 
effective than 1} lb. of 2,l-D; sugar beets were ser- 
iously stunted; weed control with 1b. was poor in 
peppermint and oil yield was low; it seems to be un- 
safe on sugar beets and 8 lb. was not effective on 
emerged foxtail. -1-Naphthylphtal 
ly safer on melons and sweet potatoes than the acid and 
gives as good or better weed control. Another related 
compound, N-2-chlorophenylphthalamic acid (2) was not 
effective against emerged foxtail and caused serious 
stunting of sugar beets.. 


MCP (2-methyl-l-chlorophenoxyacetic acid) (15) of- 
fers interesting possibilities because of its greater 
safety on some crops with which 2,l-D is marginal. It 
is at least equal to 2,l-D against some of the weeds 
to be controlled in such crops or the crop may be 
tolerant of larger amounts if needed for weed control. 
There are limitations on its use with some crops 
and it is less effective than 2,l-D for some weeds. 
Reports indicate it to be safer on flax and at least 
equal to 2,l-D for mustard control. Sodium and amine 
salts at 2 and  oz./A on canning peas caused no re- 
duction in yield and had no effect on tenderometer 
readings at 2 oz. Results with an ester were unfavor- 
able. Another report indicates no effect on yield of 
peas and poor, fair and good weed control respective- 
ly with 4, 8 and 12 oz. sodium salt per acre. A rather 
late spring treatment for yellow rocket in legumes was 
not equal to 2,l4-D and both retarded but did not kill 
the legumes but an early spring application of 6 oz. 
MCP gave full control of yellow rocket and was safer on 
legumes than effective rates of 2,l-D. . 


Alfalfa was found to be more susceptible to in- 
jury when 10 to 20 inches high than somewhat earlier 
but recovery was good from low rates in earlier appli- 
cations and seed yield reduction was not serious. Re- 
sults with Canada thistle are generally good with 2 
and 8 1b. being reported as "promising" and 2 lb. in 
one application as equal to 2,li-D at oz. in 8 appli- 
cations. Two pounds (amine salt) gave fair weed con- 
trol in potatoes with no yield reduction; was equal to 
2,4-D on ragweed in soybeans in one trial and was not 
good at 1 1b. in another; gave no control of crabgrass 
at 1 or 2 lb. but killed white clover completely at 
2 1b. and in onions as a pre-emergence treatment at 4 
and 1 1b./A gave more injury than 2,l-D but was equal 
in weed control. : 

Sodium 2,)-dichlorophenoxyethyl sulfate (15) is 
generally reported favorably when used in strawberries, 
raspberries and in nurseries but not so favorably with 
onions, soybeans, etc. Weed control in everbearing 
strawberries from two applications (l and 6 lb.) was 
excellent and yield was increased; in June bearing 
strawberries lb. gave good weed control and little 
or no yield and runner reduction but 8 1b. caused a 
heavy reduction in runner rooting but not as seriously 
as 2 1b. of 2,h-D ester. Other work with strawberries 
at 2 and lb. gave noticeable reduction of runners but 
no effect on yield and 1b. was equal to 2 lb. of 2,l-D 


(2) is apparent- 


amine salt in weed control but did not reduce yield as 
much and in still another trial 6 1b. reduced runner 
count slightly. Red and black raspberries were not 
affected by and 6 1b. and weed control was good. 

Weed control in a nursery was good with and 6 lb. 

and most plants were tolerant, and in a transplant bed 

lh lb. gave 97% weed control and no injury to transplants. 
Growth and/or yield of soybeans, snapbeans and onions 
were affected unfavorably by this material. 


-N-(3- h 
(23) was used rather extensively and gave both good and 
poor results. Five reports of use on sugar beets show 
it to have been much less effective than TCA as a pre- 
emergence treatment; as causing no reduction in stand 
or vigor at 2, and 8 1b.; to be only "fair" in grass 
control at 8 lb. and was not classed as "promising"; 
results not favorable with 4, 8 and 16 1b. and in an- 
other trial the statement of results was not clear. 
One experiment on red beets does not rate it among the 
good treatments. Application of 10 and 15 lb. to 
spinach on upland soil gave good grass control but 
seriously reduced stand and yield and 10 lb. reduced 
yield severely on muck. Wild oats in flax were not 
controlled with 4 1b. In soybeans , and 8 lb. gave 
promising results in weed control and with little ef- 
fect on beans; weeds were controlled in corn with 6, 
12 and 16 1b. but yield was reduced; purslane in pep- 
permint was controlled but yield of mint oil was re- 
duced; sweet potatoes were severely stunted by and 8 
lb. and the stand of lima beans was reduced consider- 
ably. Three reports on onions were generally favor- 
able with 8 1b. in a pre-emergence treatment giving 
some control of smartweed and purslane without reduc- 
ing yield; 8 1b. in a postemergence full coverage ap- 
plication caused no injury or yield reduction and 3 
lb. in a postemergence application controlled grasses 
and broadleaved weeds with no yield reduction. Twenty 
pounds per acre in a cherry orchard gave promising re- 
sults in checking vegetation. Wild oats in crops were 
well controlled by working 8 1b./A into the soil. 
There was no crop injury in one case but severe in an- 
other. Chloro IPC was more injurious than IPC. A 
study of residual toxicity in the soil indicates it to 
be rather persistent with soil type and pH having ef- 
fects on the rate of loss. 


othal xohe roph acid) (27) 
was used extensively on several crops and weeds. Re- 
sults in sugar beets were:--no effect on weeds or 
beets from 4 to 2 lb. in pre-emergence; 2 and 8 1b. 
disced into soil at planting time gave good indica- 
tions without injury to beets; pre-emergence treatment 
for annual grasses gave fair results but not rated as 
best; grass control studies indicate beets will toler- 
ate amounts necessary to kill grasses and a post- 
emergence treatment of 2, and &1b. did not reduce 
stand or vigor except that Niagrathol W was more in- 
jurious than other forms and to 8 1b. look good for 
wild oats control. Red beets were not affected by i 
or 8 1b. and weed control was good. Flax is reported 
to be sensitive to lb. or more as a pre-emergence 
treatment and to even lower rates in post-emergence 
treatments. Wheat treated in the boot stage was damag- 
ed some by 1 and 2 lb. and severely by more and without 
good weed control. Pre-emergence treatments in corn of 
2, k and 8 lb. gave fair to poor weed control with no 
report of injury. In soybeans, 2 1b. in pre-emergence 
was too low for weed control and in another trial 8 
lb. reduced the yield of beans. The yield of snap 
beans was significantly reduced by and 6 lb. Two, 

4 and 6 1b. in pre-emersence in onions gave fair to 


| 


good weed control and no yield reduction and in an- 
other test lh lb. gave fair weed control and no in- 
jury. Post-emergence treatments of 1b. in two 
tests reduced stand and yield of onions and 2 lb. in 
a directed post-emergence treatment looked promising 
Carrots were severely injured by 6 lb. in a pre-emer- 
gence treatment but 8 1b. on potatoes gave fair weed 
control and with no effect on stand or yield. Two 
and five pounds gave severe reduction in yield and 
runner count of strawberries and in gladiolus 8 lb. 
caused no injury and gave good weed control but was 
not equal to 2,li-D or a dinitro spray. Weeds in a 
cherry orchard were controlled with 15 lb; emerged 
foxtail was well controlled by 2 1b. or more but quack 
grass control was not good with 16 lb. 


CMU_(3-p-chlorophenyl-1-1-dimethylurea) (ll) was 
very widely used, and there are many interesting re- 
sults. There are so many items that it is difficult 
to organize the information in any understandable 
form but an attempt will be made to list results into 
a few groups. 


Crops tolerant to one pound:- sorghum, peanuts, 
cotton, peas, beans, potato, gladiolus, asparagus, 
onions, corn, sweet corn, wheat and oats. There were 
reports of tolerance of some of these to even more 
than 1 lb. but on the other hand they were reported 
as damaged by 1 lb. which probably indicates that the 
margin of safety with one pound may be very narrow or 
non-existent under some conditions. 


and sweet 
clover, $ 1b.; turnips, flax and barley, 1 1b.; wheat 


and oats, 2 lb. 


Weeds killed with small amounts:- crabgrass, 1 1b.; 
foxtail, 1 to 2 lb.; most annual weeds, 1 to 3 1b.; 


weeds in irrigation ditches, 5-2/3 lb. in 100 gallons 
of water. 


Amounts to kill deep rooted perennials:~ curled 
dock, chicory, perennial sow thistle, bladder campion, 
toad flax, 40 1b.; field bindweed, 20 1b.; quack and 


Johnson grass, 0 to 50 1b.; bulrushes, 33 1b. in 100 
gallons of water. 


Perennials tolerant to large amounts:- leafy spurge, 
Russian knapweed, wild rose, horsetail, big blue stem. 


r ad ro :- 20 lb. alone 


or 10 lb. with 30 lb. TCA or 10 lb. with 80 lb. sod- 
ium chlorate. 


esidual effect to crops:- definite information 


rather meager but apparently persists in soil for 
long periods. 


I will repeat in closing that these statements are 
based entirely on information reported in abstracts 
which came to me and probably give a reasonable pic- 
ture of what they will do but there is always the 
possibility that where failures have been reported 
here other uses may be found where a given material 
will perform well. 
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RECOMMENDATION OF THE RESEARCH COMMITTEE 
OF THE NCWCC FOR 1952 


The following discussions, opinions, suggestions 
and recommendations are made in the light of the best 
information accumulated in 1951 by the Research Com 
mittee of the NCWCC. The Conference recognizes that 
the effectiveness of herbicides depend on so many 
factors which vary from region to region that this re- 
port can in no way replaces state and local recommenda- 
tions. It is suggested, therefore, that specific 
recommendation on the use of herbicides locally be ob- 
tained from your state agricultural experiment sta- 
tion, extension service or regulatory officials. 


A. CONTROL OF PERENNIAL BROAD-LEAVED WEEDS. 


Many perennial weeds can be controlled with 2,h-D, 
but eradication is often difficult. Best results have 
been obtained by treating during the actively growing 
stage - generally near the bud stage. One application 
of 2,l4-D seldom gives eradication. Repeat treatments 
are necessary. Where long time control, under crop- 
ping conditions, is the objective, the rate of applica- 
tion should be governed by the maximum amount that the 
crop will tolerate. 


The Research Committee recognizes the value of 
chlorates, borates, and similar chemicals for the con- 
trol of perennial weeds. These chemicals are especial- 
ly valuable for obtaining quick eradication of small 
patches of weeds and weeds in uncultivated land where 
a period of sterility is not objectionable. The re- 
commended rate for use on the various species of weeds 
should be obtained from local experiment stations. 
These chemicals will sterilize the soil for a period 
of one or more years. 


Canada Thistle and Perennial Sow Thistle; 

Two applications of 2,l-) each year over a period 
of two or more years are generally necessary to eradi- 
cate Canada thistle and perennial sow thistle. The 
first applications each year should be made at the bud 
stage and the later treatments in the early fall when 
the resprouting thistles are in the rosette stage. 
From 1/2 to 2 pounds of 2,l-D per acre should be ap- 
plied, the lower rates being used in growing crops. 
Particular attention should be given to control of 
above ground parts to weaken the plant and to prevent 
seed production. Good control has been obtained by 
treating infested areas with 2,l-D and later subject- 
ing the area to intensive cultivation. 


ress: 

In grain crops, applications of one pound of 2,li-D 
preferably amine salt, made from the advanced rosette 
to early bud stage, prevent normal development, ef- 
fective competition, and seed production of these weeds 
and give some reduction in stand. In dense stands of 
adapted grass repeated treatments of 1 pound as needed 
each year for 2 or more years, give important stand re- 
ductions. Where solid infestation occur, rates of 2 . 
to 3 pounds are suggested the first year. Lower rates 
may be used for succeeding treatments. For best re- 
sults on non-crop land, infested areas should be seed- 
ed to an adapted grass as an aid to 2,l-D treatment. 
Treatments at the bud to bloom stage are usually more 
effective. Use of sufficient carrier to give thorough 
coverage is important. Reinfestation from seed is to 
be expected, and seedlings may be destroyed by lighter 
applications of 2,l-D. 


In small infestations these weeds may be eradi- 
cated by sodium chlorate or boron compounds. Specific 
recommendation should be obtained from decal authori- 
ties. 


Cultivation for extensive areas is the most re- 
liable control treatment, at present. Sodium chlorate 
and boron compounds are effective on limited infesta- 
tions where soil sterility can be tolerated. 


2,4-D has given erratic results, varying from 
good to very poor, and is not generally recommended. 
It will usually prevent seed production at } to 3/L 
pound to the acre and may be useful selectively in 
crops. Several cases of reduction of weed stand have 
been reported when 2,l-D was used in conjunction with 
grass. Enough promising results have been reported 
to justify more extensive research with heavier rates 
of properly timed treatments. Consult local authori- 
ties for recommendation. 


Leafy Spurge: 

Top growth of leafy spurge in grain crops is 
easily retarded, partialiy killed and usually pre- 
vented from setting seed if treated when i to 6 inches 
high with an ester of 2,l-D at 6 oz. per acre of acid 
equivalent. Only seasonal control and not eradica- 
tion should be expected. 


Five repeated applications of 2,li-D ester at the 
rate of one pound per acre in two consecutive years 
combined with cultivation. When necessary, frequent- 
ly results in eradication of the weed on cultivated 
land. 


On sodded soils two to three pounds of 2,l,-D 
ester per acre, applied after the flowering stage 
often results in complete eradication. Repeat the 
treatment if necessary. 


Seeding to a strongly competing grass and appli- 
cations of 2,l-D at two pounds per acre rate after the 
grass is well established frequently leads to yee 
eradication of leafy spurge. 


: 

Field bindweed is most susceptible to 2,l-D when 
growing vigorously. Applications are effective in 
late fall or in bud to bloom stages in the spring. 
One-half to one pound of 2,l\-D per acre is required 
to give practical control of this weed. Sodium 
chlorate may be used at to 6 pounds per square rod. 
Borax materials are well adapted to locations where 
the effect on the soil is desirable or nct a serious 
factor. Insoluble materials should be applied at the 
rate of 7 to 10 pounds boron trioxide equivalent per 
square rod. 


B. CONTROL OF PERENNIAL GRASSY WEEDS 


Summer cultivation appears to be the most practi- 
cal method of controlling extensive infestations of 
Johnson grass. For spot treatment and on areas where 
cultivation cannot be applied, chemicals are recom- 
mended. Effective herbicides include; sodium chlorate, 
polybor chlorate and TCA. Rates required will vary 
with field conditions and location. 


Cultivation during the summer and fall months is 
the most practical method of controlling this weed. 
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TCA is effective for control of quackgrass when applied 
at rates of from 0 to 80 pounds per acre. Complete 
elimination of the quackgrass rhizomes may not be 
achieved; therefore, follow up cultivation or chemical 
applications are often needed. The lower rate may be 
used if cultivation prior to treatment is employed. 
Cultivation prior to treatment is more essential for 
spring treatment than fall. Sufficient moisture to 
remove the chemical to the root and rhizome is neces- 
sary for effective control. The most practical time 
of application is August to October. 


C. CONTROL OF ANNUAL WEEDS 


Post-emergence: 

2,4-D can be used to control many annual broad- 
leaved weeds but some species are quite tolerant. 
Annual weeds are more susceptible in the seedling and 
early stages of development and when conditions are 
such as to promcte vigorous growth. Some weeds which 
are resistant at later stages of growth are readily 
killed when young and actively growing. A dosage as 
low as 1/8 pound per acre will control some annual 
bread-leaved weeds. Local authorities should be con- 
sulted for information concerning the dosage neces- 
sary for the control of specific weeds. 


TCA, at 5 to 10 pounds per acre can be used in 
fiax for the elimination of weedy annual grasses other 
than wild oats. 


2,4-D can be used for control of both grassy and 
broad-leaved weeds when applied at rates from 1 to 2 
pounds per acre. Dry weather after application may 
make the treatment ineffective. TCA when applied at 5 
to 10 pounds per acre will control grassy weeds, ex- 
cepting wild.oats, when moisture conditions are satis- 
factory. 


D. USE OF HEREICIDES IN FIELD CROPS 


Small Seedea Legumes: 

Ladino clover, alsike clover, red clover, alfalfa, 
and lespedeza growing in small grain may be treated 
with the salts of 2,l-D or MCP at rates up to and in- 
cluding 1/ pound of the acid equivalent per acre with- 
out serious loss of stand. These treatments are not 
recommended, particularly when alfalfa is the legume, 
unless the crop is seriously threatened by weed in- 
festations. Applications made when the small grain 
foliage is at least 8 to 10 inches high decreases the 
possibility of injury to the legume stand. Sweet 
clover will not tolerate 2,4-D applications. Dinitro 
sprays are recommended for use in seedling legumes for 
the control of small broad-leaved annual weeds. Three- 
fourth pound to 13 1b of the ammonium salt of ONOSBP 
in 60 to 80 gallons of water is suggested. TCA, sodium 
salt, at 5 to 10 lbs. acid equivalent per acre may be 
used to control annual grasses (except wild oats) on 
seedling stands of alfalfa and sweet clover. 


The applications of 2,l-D, MCP, and dinitro pro- 
ducts listed above may be made to established stands 
of legumes, except sweet clover, when top growth is 
dormant in early spring or immediately following har- 
vest. Established stands of alfalfa and sweet clover 
may be treated at the above dates with 5 to 10 pounds 
acid equivalent of TCA, sodium salt, for control of 
seedling annual grasses except wild oats. Red clover 
and alsike are quite susceptible to TCA. 


| 


Large Seeded Legumes: 

Post-emergence treatment of soybeans and peas with 
2,l4-D is not recommended. Peas may be treated with 3/h 
to 1-1/l pounds of the ammonium salt of DNOSBP in 60 to 
80 gallons of water for ccntrol of smail annual broad- 
leaved weeds. 


Pre-emergence applications of chemicals have giv- 
en such erratic results that this practice cannot gen- 
erally be recommended. Dinitros at 6 to 8 pounds per 
acre have given the most promising results. 


Since data indicate that MCP is equally as ef- 
fective as corresponding formulations and rates of 
2,u-D for contrclling weeds in flax and is somewhat 
less harmful to flax itself formulations of MCP are 
recommended as alternatives to the accepted 2,l-D 
formulations for use in that crop. 


Three years' data have shown rather consistently 
that sodium and calcium TCA at rates of 5 to 8 lbs per 
acre will effectively ccntrol Setaria in flax when ap- 
plied at early stages of growth, without damaging flax. 
Best results are obtained when applications are made 
before the Setaria and flax are 3 inches high. 


Applications of 1.3 to 1.8 lbs of DNOSBP in 2 to 
6 gallons of oil a few days in advance of maturity of 
flax appear to have great promise as a means of kill- 
ing green weeds in flax and forcing maturity of the 
crop. Its use to facilitate combining, particularly 
straight combining, appears to be justified. 


PASTURE AND RANGE GRASSES 


Pasture and Range Grasses: 

Established stands of vrasses are quite tolerant 
to 2,l-D and 2,4,5-T. In general these materials may 
be used at rates necessary for weed or brush control 
without appreciable injury to the grasses. The bent 


grasses and buffalo grass may be susceptible under some 
conditions. 


Seedlings of perennial grasses may be advantageous- 
ly treated with 2,l-D if the broad-leaved weeds are a 
problem and if the land is not heavily infested with 
seeds of the weedy annual grasses. Rates up to 3/k 
pound ester per acre may be used after the seedlings 
have reached the 2- to l- leaf stage of growth. 


Spring Planted Barley, Oats and Wheat: 

The growing season of these small grains can be 
divided into at least four developmental periods, each 
responding in a different way to treatment with 2,l-D 
In barley the four developmental periods are (1) a sus- 
ceptible seedling period extending from shortly after 
emergence to the fifth-leaf-expanded stage (two seed- 
ling leaves may have partially or completely disappear- 
ed), (2) a relatively tolerant period between the 5-leaf 
and early boot stages, (3) a second susceptible period 
extending from the boot stage to the fully headed stage 
and (4) a relatively resistant period beginning when the 
grain is in the milk. Barley is generally most sus- 
ceptible during the first period followed in order by 
the third, second, and fourth periods. Oats and wheat 
follow the same general pattern as barley except that 
oats is somewhat more tolerant during first and third 
periods and is often more susceptible during the second 
period. 


Applications of 2,l-D for weed control should be 
made during the second and fourth periods in order to 
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cause a minimum of injury to the crop. Any reduction 
in yield is generally offset by the advantage gained 
in weed control. A maximum of 1/l to 1/2 pound should 
be applied during the second period and a maximum of 
1/2 to 3/L pound should be applied during the fourth | 
(post-heading) period. The lower suggested rates are 
maximum rates for an ester formulation. There are va- 
rietal differences in barley and oats, but because of 
the adaptability of these crops, such differences vary 
from state to state or province to province. 


Winter wheat may be treated with 2,l-D in dosages 
sufficient to control most annual broad-leaved weeds 
without injury to the crop if applied in the spr 
from the fully tillered to the early boot stage. 

From 1/4 to 1/3 pound of acid to the acre as an ester 
or up to 2/3 pound as an amine or sodium salt are 
suggested dosages. Similar applications made in the 
fall usually result in damage to the crop, and are 

not, recommended. Pre-harvest treatment when the wheat 
is in the milk to hard dough stage should be looked up- 
on aS an emergency measure to be used only when weeds 
threaten to interfere seriously with harvesting. A 
dosage of 1 pound of acid to the acre is required at 
this stage, and may result in damage to the crop. Weed 
control at this stage is often not satisfactory. 


Corn: 

Spraying with ¢,l-D can be used to reduce the 
number of cultivations needed and to control some 
weeds in the row or hill. It should not be expected 
to replace cultivation because weeds not controlled by 
2,4-D will be given an opportunity to develop. Culti- 
vation is needed regardless of weeds on some soil types. 


Post-emergenc=:: 

Spraying should be as early as possible to control 
weeds. However, there is a stage just after the leaves 
unfold when corn can be readily injured. This stage 
may last for a week or possibly a little more. If 
necessary to spray at any time when the corn is large 
enough to put the spray under the top leaves by means 
of dropped nozzles, this should be done unless the 
weeds are taller than the corn. The spray must strike 
the tops of the weeds to be most effective. A rate of 
1/4 to 1/2 pound acid equivalent per acre is satis- 
factory using esters at lower rates than amines. Up 
to 1 pound may be used for resistant weeds, with 
probable injury to the corn. 


Some injury to corn is to be expected at any time. 
Brittleness and bending or breakage is most serious 
and becomes increasingly common following over-all 
sprays as the corn gets taller. A storm or cultiva- 
tion immediately after treatment may cause severe loss. 
High temperatures at time of treatment increase corn 
injury. Hybrids and varieties vary in their suscepti- 
bility to 2,l-D but differences are not important at 
rates below 1/2 pound per acre. Inbred lines vary 
more widely and single-cross seed fields should not be 
sprayed except in an emergency, or on inbreds of proven 
tolerance and then at minimum rates. 


Pre-emergence:. 

In most of the area pre-emergence treatments with 
2,4-D will control annual grasses and some tolerant 
broad-leaved weeds such as purslane, which are not 
controlled well by post-emergence sprays. On loam 
soils and those of finer texture, pre-emergence use 
of 2,u-D is satisfactory if applied before emergence 
at rates of 1 to 2 pounds per acre. Treatment after 


emergence but before the leaves unfold (coleoptile 


emerged) has been relatively safe. Isopropyl and butyl 
ester formulations are less hazardous to the corn than 
amine salt formulations. Dry weather after pre-emer- 
gence treatments may make them ineffective and exces- 
Sive rain creates a hazard to the corn. One pound per 
acre may not control all weeds but is often more econom- 
ical, considering cost of materials. Soils high in or- 
ganic matter will require larger dosages than soils low 
in organic matter. Pre-emergence applications are not 
on sandy soils. An application of 2,l-D at pre-emer- 
gence rates on the soil and bases of the corn stalks 
only, just after the last cultivation may prevent the 
emergence of weeds which otherwise might interfere with 
harvest. Bending of the stalks at the lowest nodes may 
follow this treatment. 


E. USE OF KEFBICIDES IN HORTICULTURAL CROPS 


By the wise use of chemicals, it is possible to 
greatly reduce the cost of weeding many horticultural 
crops and to save some crops when wet weather makes it 
impossible tc cultivate. However, chemical weed con- 
trol must not be considered as a substitute for all 
cultivation but rather should be used to supplement 
standard cultural practices. There are many herbicidal 
treatments in addition to those listed here that may be 
valuable in certain localities. Only those that are of 
regional interest have been included in these recommen- 
dations. For other possible treatments local authori- 
ties should be consulted. 


Rates of application listed for 2,l-D and TCA re- 
fer to pounds of acid equivalent. All rates of appli- 
cation are based on over-all coverage. It is often more 
economical to treat only a narrow strip over the row, in 
which case the application should be reduced according- 
ly. Im general, the herbicidal treatments suggested 
here should be used only once in any one season. 


us: 

2,u-D amine at the rate of 2 pounds per acre is 
recommended as a pre-emeryence treatment on established 
beds after disking in the spring or following post-har- 
vest disking, when no spears are showing. To improve 
the control of annual grasses, TCA at the rate of 5 to 
10 pounds per acre may be added to the 2,l-D spray. 
Spot treatment with lO to 50 pounds of TCA per acre just 
after disking is suggested to control small patches of 
quack grass. The use of Stoddard solvent at 80 to 100 
gallons, DNOSBP (in oil emulsion)at 1 pound, or 2,l-D 
amine at 1 pound per acre is recommended as a contact 
pre-emergence treatment to control weeds in asparagus 
seedbeds - 


A residual pre-emergence application of 6 to 8 
pounds of DNOSBP or 16 to 20 pounds of sodium PCP per 
acre will control most annual weeds in beans. Where 
annual grasses are a problem as high as 10 pounds of 
DNOSBP or 2 pounds of PCP may be used on lima beans. 


: 

For the control of annual grasses, TCA at & to 10 
pounds per acre applied at least 2 days before any beets 
will emerge, is recommended. 


ts, Cele and Parsley: 

Stoddard solvent at 60 to 100 gallons per acre 
gives good control of annual weeds in these crops. 
Apply as soon as most weeds have emerged but before any 
are over two inches high. Do not spray carrots or par- 
snips after the tap root is more than 1/l, inch in 
diameter. On celery use only in the seedbed. 
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ons: 

For the control of weeds that have emerged before 
the onions, Stoddard solvent at LO to 80 gallons per 
acre can be used as a pre-emergence spray. Post- 
emergence sprays of 2 to 3 percent sulfuric acid at 
the rate of 100 gallons per acre, applied when the 
onions are in the "knee" stage or when they have at 
least one true leaf, will control many small annual 
weeds. Pursiane is controlled only in the Cotyledon 
stage and lambsquarter and grasses are usually not 
killed. Eight to 12 pounds per acre of potassium 
cyanate in 50 to 100 gallons cf water may be used in 
the same way as sulfuric acid. 


Potatoes: 

While blind cultivation is generally preferred to 
control weeds in wet weather chemical treatments may 
be valuable. 2,l-D at 1} tc 2 pounds, DNOSBP at 4 to 
6 pounds and sodium PCP at 10 to 20 pounds per acre 
have all given good results when applied 2 to 6 days 
before emergence. Where annual grasses are a problem 
TCA at 6 to 10 pounds per acre may be used as a pre- 
emergence spray. Local recommendations should be fol- 
lowed as regards differences in varietal susceptibili- 
ty when 2,l-D is used. 


Sweet Corn: 


2,4-D can be used in sweet corn as recommended for 
field corn. Pre-emergence treatments of DNOSBP at 6 
to 6 pounds or sodium PCP at 15 tc 20 pounds per acre 
can also be used. 


Strewberries: 

The use of 2,l-D amine at 1 pound per acre or 
sodium 2,l-dichlorephenoxy ethyl sulphate at pounds 
per acre is suggested for the control of weeds in 
strawberry beds. The latter herbicide is effective 
only when applied prior to weed emergence as it will 
not kill emerged weeds. The herbicides should not be 
used on flowering or fruiting strawberries. Newly set 
strawberry plants should not be treated until such 
plants are well established in the soil. 


Raspberries: 

Broad-leaved weeds in raspberries can be controll- 
ed with 2,l-D and DNOSBP when sprays are directed so 
that only the bases of the canes are hit. 


Grapes: 

Annual weeds in grapes can be controlled by con- 
tact herbicides such as DNOSBP and PCP applied so 
that only the bases of the mature stems are hit. 


Apples: 

Poison ivy in apple orchards can be controlled 
with ammonium sulfamate applied as a wetting spray of 
1 pound per gallon, 2,l,5-T low volatile esters are 
effective in control of poison ivy but should be used 
with caution due to danger of injury to the apple trees. 


Coniferous nurseries: 

Spray applications of aromatic oils may be used 
with success in helping to control broadleaved weeds 
and annual grasses in coniferous nurseries. In gen- 
eral, from 25 to 75 gallons per acre are used depend- 
ing on the species and growth stages of the coniferous 
seedlings and on the drying conditions prevailing dur- 
ing the time of spraying. TCA is recommended for use 
in connection with quack grass control. Soil applica- 
tions heavy enough to control the quack grass can be 
applied the season before the germination of the coni- 
ferous seeds. 
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Gladiolus: 

Two pounds per’acre of 2,l-D or 8 pounds of 
DNOSEPP will control most annual broadleaved weeds 
when used as a pre-emergence treatment. Where annual 
grasses are a problem, a pre-emergence spray of 10 
pounds per acre of TCA is effective. 


Seedbeds anc plantbeds: 

Weeds can be controlled in seedbeds and plant- 
beds with steam sterilization or fumigation with 
methyl bromide. 


Waste places: 

Weeds along drainage ditches and fence rows, 
around buildings, under irrigation lines, and other 
waste places can be effectively controlled with oils, 
DNOSBP and PCP. 


Sugar Beets: 

Chemicals which are satisfactory for the control 
of mixed seed populations in beets are not known, 
2,u-D, saits of DNOSBP and PCP have generally pro- 
duced severe injury to beet stands, when used at rates 
sufficient to control weeds. 


Pre-emergence applications of TCA, at rates of 
5 to 10 pounds per acre will control Setaria spp. and 
other seedling grasses. These rates of application 
will not control perennial grasses. Satisfactory con- 
trol of broad-leaved weeds in beets does not appear 
feasible with any chemical now available. 


Selective control of certain broad-leaved species 
can be obtained by the application of NaCl. From 200 
to 300 pounds per acre, applied when the weeds have 
2 to k true leaves, are required. This treatment is 
not effective on lambsquarter and purslane. 


F. CONTROL OF WOODY PLANTS 


Both 2,l-D and 2,4,5-T have a definite place in 
woody plant control. Foliage sprays of 2,l-D will 
kill some plants not killed by 2,l,5-T and vice versa. 
Therefore, for general foliage spraying of mixed brush 
populations, mixtures of 2,l-D and 2,l,5-T are recom- 
mended. 2,4,5-T is especially effective in killing 
blackberries, mesquite, osage orange, poison ivy and 
numerous hardwoods not killed by 2,l-D. For most 
species and methods of treatment repeated applications 
are necessary. The recommendations of qualified ex- 
periment stations should be followed. 


Foliage Sprays: 

Woody plants sensitive to either 2,l-D or 2,h,5-T 
should be treated with wetting foliage sprays contain- 
ing at least 2 pounds of acid per hundred gallons of 
diluent. For the more tolerant species higher concen- 
trations should be used. Ester formulations are re- 
commended for most situations. To reduce hazards to 
sensitive crops low volatile ester formulations are 
recommended. Under most conditions the use of water 
rather than oil is preferable as a diluent. 


At the present time no blanket recommendation 
for aerial application of herbicides suitable for con- 
trol of scrub oak for grassland development can be 
made. However, certain applications have given suf- 
ficient control of oak species to significantly in- 
crease the amount of grass forage in some areas. 


Cut Surface Treatments: 
Woody plants may also be killed by applying the 
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above chemicals to freshly cut surfaces of stubs and 
stumps as well as to frills and cups in standing trees. 
This type of treatment may be applied at any time of 
the year. Some shrubs and trees tolerant of foliage 
sprays may be killed by this method. 2,l,5-T esters in 
oil solutions at concentrations of 16 pounds of acid 
per hundred gallons applied to wet to the point of run- 
off have been effective on many species. 


Ammonium sulfamate applied as a dry sait or as a 
concentrated water solution (6 to 9 pounds per gallon 
of water) is effective in preventing sprouting of most 
species of woody plants. The addition of some sticker 
or spreader to water solutions may be necessary. 


Basal Bark Sprays: 

Basal stem and ground line treatments of woody 
plants offer promise as good control measures. Concen- 
trations ranging from 8 to 16 pounds of acid per huncred 
gallons of 2,4,5-T esters in oil are recommended for 
most species. In some species such as buckbrush 2,l-D 
esters are preferred. The entire basal area at the 
ground line completely encircling the plant should be 
wetted to a point of runoff. For shrubs this might in- 
volve the entire stem and in some species with rhizomes 
the ground area surrounding the plant. 


Soil Treatment: 

Sodium Chlorate, sodium chloride, and borax formu- 
lations are recommended as soil treatments for control 
of woody plants where these herbicides are adapted. 
These chemicals are especially useful for spot treat- 
ment when spraying with growth regulator species is not 
feasible. Sodium chlorate is useful for small patches 
of brush not sensitive to other herbicides and where 
soil sterility and fire hazards are not problems. Borax 
is especially adapted for soil sterilization tc elimi- 
nate brush that constitutes a fire hazard. For the 
special situations under which these chemicals would be 
used local recommendations should be followed. 


G. MECHANICAL CONSIDERATIONS 


Reduction of Cultivation; 


Labor and power requirements for weed control in 
corn may be reduced by pre-emergence applications of 
2,4-D in accordance with recommended practices. Under 
favorable conditions the first and possibly the second. 
mechanical cultivation may be eliminated. Although 
application may be made with an attachment to corn 
planters, this practice is not recommended because 
damage to the corn due to leaching of the chemical may 
be increased if the chemical is applied at this time. 
There is also less chance of slowing the planting of ; 
the corn if the planting and herbicide applications are 
handled as separate processes. 


The importance of an accurate calibration of the 
farm sprayer cannot be over-emphasized. The rates 
recommended for practical spray applications are based 


.on research work in which the spraying has been ac- 


complished with the utmost accuracy. In view of this 
it is recommended that the field spraying be done with 
a care approaching as near as possible that same ex- 
actness. It is evident that a correct calibration will 
tend to eliminate the waste of time, effort and money 
which can accompany a poorly calibrated sprayer. 


Maintenance: 
A good maintenance program is to be recommended in 
view of the present need for conservation of materials 


and in the interests of good farm practices. The main- 
tenance schedule should be fitted to the particular 
sprayer, and should include both summer operational 
maintenance and a winter storage program. The summer 
maintenance should include normal operating precau- 
tions to prevent breakage, lubrication of pump and 
other moving parts as recommended by the manufacturer, 
a good flushing of the sprayer between periods of op- 
eration and also normal precautions to protect the 
sprayer from the weather. The winter storage of the 
sprayer should include a thorough flushing with clean 
water. It should be drained and dried out and then 
every precaution taken to prevent rusting. This stor- 
age period provides an excellent time for an inspection 
of the various parts and allows time for replacement 

as necessary to put the sprayer in the best condition 
for the following season. 


Detassel High-Clearance Equipment: 

Where early-season weed control is the primary 
consideration there is no justification for purchase 
of high-clearance spray machines. High-clearance ma- 
chines are entirely satisfactory for weed control op- 
erations throughout the season if they are at hand for 
corn borer spraying or late season application of ni- 
trogen fertilizers to corn. They are useful also, when 
equipped with drop pipes, for lay-by pre-emergence ap- 
plications and for post-emergence spraying of such late- 
season weeds as velvet leaf or cockleburs. 


Professor Dr. E. Korsmo, 
Slottsgate 17, 
Oslo. 


Oslo, November 30, 1951 


Professor A. L. Bakke, 
Iowa State College, 
Ames, Iowa, 

U.S. 


Dear Professor Bakke, 


Referring to my.letter of November 11, 1951, I 
beg to request you, as chairman of the Research Com- 
mittee of the North Central Weed Control Conference, 
to convey my best greetings and good wishes to the 
committee at their meeting on 11-13 December. 


It has been a great pleasure for me to see with 
what energy the question of scientific research re- 
specting weeds and the means for the combating there- 
of has been taken up in the United States, and I feel 
convinced that this well-directed work will yield 
valuable and fruitful results. 


With kindest regards and best wishes to you 
personally, I am 


Yours very sincerely, 
/s/ Beil Korsmo 


REPORT OF COMMITTEE ON TERMINOLOGY 


The Committee recommends the use of the terms, 
definitions, and abbreviations listed in this report in 
the preparation of abstracts, reports, and articles that 
have to do with weed control. The use of the recommend- 
ed forms, definitions, etc. is specially desirable in 


the preparation of short reports in order to conserve 
space and to make for easier interpretation of results 
by project leaders and readers in general. 


Trade Names and = Numbers usually should not 
be used. The Research Committee has ruled that re- 
ports on materials by code number or trade name only 
shall not be used in preparing summaries. Some highly 
complex organic herbicides have been introduced under 
trade names. As long as these products are made by 
only one company, the trade marked names (always cap- 
italized) may be used in the body of an article or ab- 
stract. The first time such a product is mentioned in 
a research report, the full chemical name should be 
given, followed by the trade name in parentheses. 


Chemical Names and Designations. Chemical symbols 
should not be combined with alphabetical abbreviations 
in designating compounds, for instance, the sodium salt 
of TCA should not be stated as NaTCA. In the list which 
follows, the chemical name is given in (a) followed in 
(b) by the forms recommended for common usage. 


Rates and concentrations for materials listed in 
items 1, 2, 3, and should be stated as the acid 


equivalent. 


1. (a) 2,h-dichlorophenoxyacetic acid 
(b) 2,b-D 
2,u-D, salt (incicate which) 
2,u-D, ester (indicate which) 


2. (a) 2,h,5-trichlorophenoxyacetic acid 
(bo) 
2,4,5-T, salt (indicate which) 
2,4,-T, ester (indicate which) 


) 2-methyl-l-chlorophenoxyacetic acid 
MCP 
‘ MCP, salt (state which) 


lh. (a) trichloroacetic acid 
(bo) TCA 
TCA, salt (state which) 
Rates and concentrations for materials listed 
in items 5, 6, 7, 8, and 9 should be stated 
as the phenol equivalent. 


5. (a) pentachlorophenol 
(b) PCP 
PCP, sodium salt (rates have usually been 
stated in terms of the salt) 


6. (a) 4,6-dinitro-o-cresol 
(b) DNOC 
DNOC, salt (state which) 


7. (a) &,6-dinitro-o-cyclo-hexylphenol 
(b) DNOCHP, Phenol (state form or carrier) 
DNOCHP, salt (state which) 


8. (a) h,6-dinitro-o-sec-butylphenol 
(b) DNOSBP 
DNOSBP, salt (state which) 


9. (a) -6-dinitro-o-sec-amylphenol 
(b) DNOSAP 
DNOSAP, salt (state which) 


Rates and concentrations for all the following 
materials should be stated as pounds or ounces of 


active ingredient. 
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(a) phenyl mercuric acetate 

(b) PMA 

(a) isopropyl-N-phenylcarbamate 

(bo) IPC 

(a) isopropyl-N-(3-chlorophenyl) carbamate 
(b) CIPC 

(a) 3-p-chlorophenyl-1-1-dimethylurea 

(b) CMU 

(a) 3,6-endoxohexahydrophthallic acid 

(b) endothal 

(a) sodium 2,l-dichlorophenoxyethyl sulfate 
(bo) SES 

(a) potassium cyanate 

KCNO 

(a) maleic hydrazide 

(b) MH 

(a) sodium chloride 

(b) salt 

(a) sodium tetraborate 
borax 


All other compounds should be listed by their 
chemical names. 


Pre-emergence applications are those made after 
crop is planted but ore it emerges and are of 
two kinds: (1) contact pre-emerzence - an appli- 
cation made after weed emergence and (2) residual 
pre-emergence which kills weeds as the seed germi- 


nates or as they emerge either before or after 
the crop has emerged. 


Soil sterilant. A material which renders the soil 
incapable of supporting plant growth. Steriliza- 
tion may be temporary or relatively permanent. 


- A herbicide that kills primari- 


Contact herbicide 
ly by contact with plant tissue rather than as a 


result of translocation. 


+ AS applied to herbicides such as 
2,4u-D, 2,4,5-T and other similar compounds, is a 
relative term. Differences in volatility are real 
and important, but so far, can be determined only 
by biological tests. 


atile esters. The esters of 2,h-D, 2,4,5-T 
and other similar herbicidal compounds that have 
low volatility should not be designated as non- 
volatile esters. 


Spray drift. The movement of airborne spray par- 


ticles from the point of application to adjacent 
areas. 


Vapor drift. The movement of vapors from the 
point of application to adjacent areas. 


Rate and dosage. These terms are synonomous. 
"Rate" is the preferred term. Rate refers to the 
amount of active material (such as 2,li-D acid 
equivalent) applied to a unit area (such as one 
acre) regardless of percentage of chemical in 
the carrier. 


9. 


10. 


12. 


raion: Recommendations and specifications 
or the use of herbicides should be on the basis 


of pounds per unit volume of diluent. 


rbicide. A chemical known to be toxic to some 
chlorophyll bearing plants. 


Dormant treatments of deciduous woody plants refer 


to applications of herbicides made during the per- 
iod after leaf-fall or death and before bud-break. 


A basal treatment is an applica- 
tion to the stems of plants at and just above the 
ground line. 


Alphabetical designations for chemical compounds 
should be capital letters (upper case) without 
spacing or periods; for example, MCP, PCP. 
Abbreviations. The use of the following abbrevia- 
tions is recommended and, unless otherwise indi- 
cated, should be small letters (lower case) with- 
out spacing or periods. 

acid equiv. per 100 gal. 

acre 

bushel or bushels 

diameter 

foot or feet 

feet per minute 

gallon or gallons 

inch or inches 

miles per hour 

parts per million 

pint or pints 


pound or pounds 


quart or quarts 


rate per acre A, o@/A, 


revolutions per minute 
square sq 
weight wt 


Committee on Terminology 
W. C. Dutton, Chairman 
Robert Beatty 
B. H. Grigsby 
L. M. Stahler 
Cc. J. Willard 
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NORTH CENTRAL WEED CONTROL CONFERENCE 
DECEMBER 11, 12, 13, 1951 


WHEREAS, the NCWCC has greatly enjoyed the excel- 
lent facilities provided for holding this conference. 


NOW, THEREFORE, BE IT RESOLVED that we express 
our thanks to the State of Oklahoma, the City of 
Oklahoma City, the management of the Municipal Audi- 
torium, the Biltmore Hotel, Mr. Cliff Elder, Chair- 
man of the program committee, Mr. C. A. Bower and the 
staff of the Oklahoma Department of Agriculture and 
especially to the chairman of the general arrangements 
committee, Mr. Larry Robinson, 


& 


WHEREAS, the NCWCC has greatly benefited from the 
very fine educational displays of plot spraying equip- 
men*. 


NOW, THEREFORE, BE IT RESOLVED that this confer- 
ence express its sincere appreciation and thanks to 
those individuals responsible for these exhibits. 


WHEREAS, heavy weed infestations are constantly 
occuring; and 


WHEREAS, one main source of these weed infesta- 
tions is from screenings and other weed seed infested 
material; 


BE IT RESOLVED that in accord with the wishes of 
the Regulatory Officials of this conference, the North 
Central Weed Control Conference urgently request the 
Congress of the United States to enact Federal Leg- 
islation regulating the movement of noxious weed seed 
infested screenings and other noxious weed seed in- 
fested material, both into the United States and in- 
terstate. That the Secretary of the United States 
Department of Agriculture be requested to use his good 
offices to lend assistance to the state officials in 
their efforts to obtain this Legislation. 


It is the feeling of this conference that the 
noxious weeds recognized by Federal Legislation of 
this type should be identical with those covered by 
the Federal Seed Act. 


WHEREAS, the NCWCC commends the Production and 
Marketing Administration for making it possible for 
farmers to receive assistance in the form of payments 
for approved practices of weed and brush control as 
an aid in soil conservation; and 


WHEREAS, the NCWCC is fully aware of the many un- 
told benefits derived by the people of the nation from 
the stimulus given farmers through the foresight of 


the P.M.A. in the adoption of this program; now, there- 


fore, 


BE IT RESOLVED by the NCWCC duly assembled in 
Oklahoma City, Oklahoma, this 12th day of December 
1951 that the P.M.A. be requested to give all due 
consideration possible at state and county levels to, 


First - The inclusion, in an advisory capacity, of 
duly constituted research, extension, and regulatory 
agencies within the states into the technical com- 
mittees which formulate the approved practices; and 


Secondly - In an attempt to expand soil conserva- 
tion through the proper use of chemicals and to avoid 
their mis-use where proper results could not possibly 
be attained, to establish more definite control over 
the actual application of chemicals for weed and brush 
control on which payments will be made such as times 
and methods of application, forms of material, dosage 
rates and the actual checking of results to determine 
compliance with regulations; and 


BE IT FURTHER RESOLVED, the Secretary of the Con- 
ference be instructed to forward a copy of this reso- 
lution to Secretary of Agriculture Brannon, the Di- 
rector of the P.M.A. in Washington, D. C., and state 
P.M.A. directors in the states of this conference. 


WHEREAS, federally owned and controlled lands are, 
and are becoming more so, infested with noxious weeds, 
and 


WHEREAS, these areas are a menace to other lands, 
private and public, and a handicap to state weed con- 
trol officers in preforming their duties, and, 


WHEREAS, federal agencies frequently fail to 
cooperate with state laws; 


THEREFORE, BE IT RESOLVED that congress be memor- 
ilized to pass corrective legislation which will pre- 
vent federal agencies from violating state laws, par- 
ticularly state weed laws. 


He 


WHEREAS, the effectiveness of any weed control 
program is dependent upon an understanding of the 
response of plants to herbicides. 


BE IT RESOLVED THAT THE NCWCC encourage and sup- 
port, on a permanent basis, fundamental studies of 
the principles basic to effective weed control. 


ee 


WHEREAS, an informed public is essential to the 
accorolishment of the purposes of the NCWCC. 


BE IT RESOLVED THAT THE NCWCC as an organization, 
its extension, industrial, regulatory and research 
sections and its membership as individuals utilize 
the facilities of the press and radio at regional, 
state and local levels to inform the public of recom- 
mended practices, new developments, and future ob- 
jectives of the conference. 


Resolutions Committee 
Clyde A. Bower, Chairman 
Arne E. Carlson 

Glenn Viehmeyer 


—— 


REGISTRATION LIST OF THOSE ATTENDING 1951 CONFERENCE 


Aanstead, A. M. (E. I. Du Pont Co.) 1621 7th St., Fargo, North Dakota. 

Abbott, Earl (Safeway Manufacturing Co.) Box 607, Decatur, Illinois 

Abrahamson, Paul E. (International Elevator Co.) 1113 lth Street, Devils Lake, North Dakota. 

Akin, Bill (U. S, Rubber Co.) 6125 Peeler Street, Dallas, Texas. 

Alban, E. K. (Horticuiture Dept., Ohio State University) Columbus, Ohio. 

Ald's, Harold (Massey-Harris Company, Limited) 915 King Street, West, Toronto, Ontario. 

Alexander, Harold (Geigy Company, Inc.) 4020 Normal, Lincoln, Nebraska. 

Alinger, Henry J, (Safe-Way Manufacturing Co.) Box 607, Decatur, Illinois. 

Allen, J. F. (Davey Tree Expert Co.) 105 West Lockwood Ave., Webster Grove, Missouri. 

Alien, W. W. (American Chemical Paint Co.) Ambler, Pa. 

Amos, Al (Port Huron Machinery Co.) Lincoln, Nebraska. 

Anderson, A, C. (Mackwin Company) 370 Winona Street, Winona, Minnesota. 

Anderson, Carl J. (Iowa Ordnance Plant) Burlington, Iowa. 

Anderson, Earl D. (National Sprayer and Duster Association) 4300 Board of Trade Building, Chicago lh, Illinois. 
Anderson, E. GS. (Division of Botany, Dept. of Agriculture, National Weed Committee) Ottawa, Ontario. 
Anderson, J. Theo (Clay County Weed Supervisor) 1221 7th Street, Clay Center, Kansas. 

Andrews, H. J. (Pittsburgh Plate Glass Company) 120 E. Hickory, Kankakee, Illinois. 

Antognini, Joe (Geigy Company, Inc., Research Laboratory) 62 West 2nd Street, Bayonne, New Jersey. 
Armfield, W. C. "Bill" (A. T. Ferrell & Co.) Saginaw, Michigan. 


Bakke, A. Le (Iowa State College) 701 Ash Avenue, Ames, Iowa. 

Ball, Walt (Dakota Aviation) Huron, South Dakota. 

Balzer, August (OK-TEX Chemicals, Inc.) Municipal Airport, Route 3, Lubbock, Texas. 
Barakat, E. S. (Barco Chemicals, Inc.) 67 Butner Street, Des Moines, Iowa. 

Baren, Eugene (Barada & Page, Inc.) 2633 N. W. 13th St., Oklahoma City, Oklahoma 
Barrett, W. L. (Consumers Cooperative Association) 6th & Oak Streets, Kansas City, Missouri. 
Barrons, Keith C. (Dow Chemical Company) Midland, Michigan. 

Beatty, Robert H. (American Chemical Paint Co.) Ambler, Pa. 

Bell, Jay R. (Bell Aerial Spraying Service) Box 751, Hugoton, Kansas. 

Bell, Roy E. (Ace Pump Corp.) 120 Hernando Street, Memphis, Tenn. 

Belt Aaron, 1331 South Atlanta Place, Tulsa, Okiahoma. 

Belt, Elmer (Ellsworth County Bindweed Supervisor) Ellsworth, Kansas. 

Bennett, D. &. (Southwestern Bell Telephone Co.) 405 N. Broadway, Oklahoma City, Oklahoma. 
Bennétt, Russell E. (State Weed Board) Rapid City, South Dakota. 

Berggven, F. H. (Oldbury Electro-Chemical Co.) 19 Rector Street, New York 6, New York. 
Berry, C. ©, (Continental Manufacturing Co.) Tina, Missouri. 

Bertram, G. A. (Southwest Kansas Aircraft Sales Company) Greensburg, Kansas. 

Bertrand, J. Ernest (Bertrand Farms) Box 125, Oakley, Kansas. 

Bird, Robert (D, D. Funk Aviation Co.) Will Rogers Airport, Claremore, Oklahoma. 
Bitche, Bob (California Spray-Chemical Corp.) Box 1533, Oklahoma City, Oklahoma 

Bixby, A. F. (Pennsylvania Salt Manufacturing Co.) Philadelphia 7, Pa. 

Boardman, S. L. (Greenwood County Weed Supervisor) Courthouse, statin Kansas. 
Bohmont, Dale W, (University of Wyoming) Laramie, Wyoming. 

Bollenbach, Irvin K. (Aero Sprayers) Kingfisher, Oklahoma. 

Bone, Robert S. (John Bean Division) Fayetteville, Arkansas. 

Borden, William A, (Skean Electric Co-Op.) 508 N. Leonard Street, Girard, Kansas. 
Boss, K. A, (Mutual Dealers Wholesale) 2361 Hampden, St. Paul 4, Minnesota. 

Bouvy, Jack (Davey Tree Expert Co.) 522 E. Wells, Tyler, Texas 

Bower, Clyde A. (State Board of Agriculture) 122 State Capitol Building, Oklahoma City 5, Oklahoma. 
Bowling, Ralph H. (Sunflower Ordnance Works) Desota, Kansas. 

Bowman, C, C, (Shawnee County Weed Supervisor) 26 Ohio, Topeka, Kansas. 

Boyd C. H. (Delavan Manufacturing Company) 313 Oakland Street, Decatur, Georgia. 
Bradfield, Kenneth (Hahn, Inc.) 315 N. 9th Street, Evansviiie, Indiana. 

Brady, Fred H. (U. S. Indian Service) 822 N. Washington, Aberdeen, South Dakota. 
Brandenburger, R. L. (Ralston-Purina Co.) Checker Board Square, St. Louis 2, Missouri . 
Branson, Harold A, (Standard Oil Co.) 520 S. Hawthorne, Sioux Falls, South Dakota. 
Bray, Albert (Clark County Weed Supervisor) Ashland, Kansas. 

Bray, F. E., Cottonwood Falls, Kansas. 

Broyhill, Roy F. (The Broyhill Company) Dakota City, Nebraska. 

Brayton, Bert (Brayton Chemicals, Inc.) Burlington, Iowa. 

Brinkmeyer, Ed (Neosho County Commissioner) 206 N. Western, Chanute, Kansas. 

Brice, Leslie (Brice & Hunter) Batesville, Texas. 

Bringham, Frank (Bringham's Aerial Sprayers) Geary, Oklahoma. 

Brookings, W. W. (Flax Development Committee) 700 Baker Building, Minneapolis 2, Minnesota. 
Broussard, W. H. (Zigler Flying Service, Inc.) Box 877, Jennings, La. 

Brown, Broadus V. (Lake Region Electric Co-Op.) 607 N. State, Wagoner, Oklahoma. 
Brown, Shawnee (Extension Division, Oklahoma A and M College) Stillwater, Okla. 

Brown, Udell (Brown Tractor Co.) Bonham, Texas. 

Bruner, H. E. (Monsanto Chemical Co.) Akron, Ohio. 

Buchholtz, K. P. (Department of Agronomy, University of Wisconsin) Madison, Wisconsin. 
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Budd, J. M. (Hawkeye Spraying Service) 416 "K" Avenue, Nevada, Iowa. 

Buhl, Alfred (Spraying Systems Co.) 6635 Delamar Blvd., St. Louis, Missouri, 

Burg, Marlo (E & E Sprayer Co.) Waverly, Nebraska. 

Burke, Dave (California Spray-Chemical Corp.) 616 N. W. 18th Street, Oklahoma City, Oklahoma. 

Burke, John H. (Aerial Applicators Association) Box 1002, Oklahoma City, Oklahoma. 

Bjerkin, Sig (Division of Plant Industry, Minnesota Dept. of Agriculture) 1907 Randolph Avenue, 
St. Paul, Minnesota. 

Burwick, Lloyd (Brogdex Company) Box 512, McAllen, Texas. 

Buskirk, G. C. (Pacific Coast Borax Co.) 5012 Cedar Avenue, Minneapolis, Minnesota. 

Butler, Jack (USDA - BPISAE) Box 107, Station E., Toledo 9, Ohio. 

Butler, Vernon C. (Mathieson Chemical Corp.) 121 S. Howerton, Cushing, Oklahoma. 

Byrnes, J. L. (Sedgwick County Weed Dept.) 901 Stillwell, Wichita, Kansas. 

Byrnes, R. F, (Rohm and Haas Co.) 222 Washington Square, Philadelphia, Pa. 

Cain, C. D. (H. D. Hudson Manufacturing Company) 140, Sherwood Lane, Oklahoma City, Oklahoma. 

Calvin, Frank N. (Farmers Union Central Exchange) Box "G" St. Paul Minnesota, 

Camery, Morgan P. (Green Giant Company) Le Sueur, Minnesota. 

Campbell, Craig, (State Board of Agriculture) 715 West South Street, Vinita, Oklahoma. 

Campbell, L. E. (Campbell Manufacturing Co.) Walthill, Nebraska. 

Carlson, Arne E, (E. I. Du Pont Company) 5031 Du Pont Building, Wilmington, Delaware. 

Carnes, A. H. (Pittsburgh Agricultural Chemical Company ) 75 E. Wacker Drive, Chicago, Illinois. 

Carpenter, R. C. (Lake Region Electric Co-Op.) Wagoner, Oklahoma. 

Carr, John B. (American Cyanamid Co.) 1308 Donaghey Building, Little Rock, Arkansas. 

Casey, C. H. “Bill” (Wood Chemical Co.) Box 1296, Lubbock, Texas. 

Cason, J. A. (Niagara Chemical Division) Box 550, Harlingen, Texas. 

Catherwood, J. J. (J. C. Robinson Seed Co.) Waterloo, Nebraska. 

Chamberlain, H. H. (Illinois Dept. of Agriculture) Building 8, Fairgrounds, Springfield, Illinois. 

Champion, H. F. (Service and Supply Co.) 1301 West 6th Street, Amarillo, Texas. 

Chipman, R. N. ( General Chemical Division, Allied Chemical and Dye Co.) 40 Rector Street, New York 6, N. Y. 

Childress, George D. (Civil Aeronautics Administration) Washington, D. C. 

Chittenden, Dudley B. (Iowa Highway Commission) Ames, Iowa. 

Chvatal, La Vern (Atwood Flying Service) Atwood, Kansas. 

Cox, Maurice B. (S.C.S. Research Station) Box 465, Guthrie, Oklahoma. 

Clark, Otho (Clark Manufacturing Co.) Atherton, Missouri. 

Cockrum, K. W. (Department of Agriculture) Springfield, Iilinois. 

Coffey, W. J. (American Telephone and Telegraph Co.) 32 E. ilth Street, Kansas City, Missouri. 

Coffman, Clifford (Ohio Agricultural Chemical Service) Carroll, Ohio. 

Combs, Loyd L. (State Department of Agriculture) Jefferson City, Missouri. 

Cordner, H. B, (Department of Horticulture, Oklahoma A and M College) Stillwater, Oklahoma. 

Cordon, Ray M. (Pump Division, Oberdorfer Foundries, Inc.) 3245 Lenox -S- Milwaukee, 7, Wisconsin. 

Corl, C. S. (Associated Producers Inc.) 5316 York Avenue -S-, Minneapolis, Minnesota. 

Coulter, L. L. (Dow Chemical Co.) 225 Broadway, South Haven, Michigan. 

Cox, Edwin W. (W. T. Cox Company) 1021 Fruit Street, Santa Ana, California. 

Cox, Walter L. (National Laboratories) 1929-31 Main Street, Parsons, Kansas. 

Crain, Hubert D. (Dow Chemical Co.) 3615 Olive Street, St. Louis, Missouri. 

Cribbett, R. F. (Cribbett Flying Service) Wahoo, Nebraska. 

Crim, Ralph F. (University Farm, University of Minnestoa) St. Paul, Minnesota. 

Cringle, W. G. (S. W. Bell Telephone Co.) 304 N. W. Ist Street, Oklahoma City, Oklahoma. 

Crosnoe, Ralph (Red River Aero Dusting) Box 265, Texarkana, Texas. 

Crouch, Wilbur E. (Skelly Oil Co.) 605 West 47th Street, Kansas City, Missouri. 

Culley, Ralph (Wetmore Pulverizer & Machinery Co.) 901 S. Grand, Cherokee, Oklahoma. 


Dailey, David T. (E. I. Du Pont Co.) 112 West Ferry Street, St. Louis, Missouri. 
Daniel, Harley A. (Soil Conservation Service) Guthrie, Oklahoma. 

Davidson, E. H. (Gre-Sen Manufacturing Co.) 4516 N. 39th Street, Omaha, Nebraska. 
Davis, Frank (Miller Chemical Co.) 15th and California Streets, Omaha, Nebraska. 
Davis, Je Je» Alma, Kansas. 

Davison, Merle, (Ottawa County) Minneapolis, Kansas 

De Long, Ray (Pittsburgh Plate Glass Co.) 6833 Kingsbury, St. Louis, Missouri. 
Denisen, E. L. (Horticulture Department, Iowa State College) Ames, Iowa. 
Derscheid, Lyle A. (South Dakota State Coliege) Brookings, S. Dakota. 

Detmer, W. R. (Consumers Co-Op. Association) Box 386, Enid, Oklahoma. 

Deynan, Paul (Davey Tree Expert Company) 3735 Morrow, Waco, Texas. 

Dietzel, Al (Dow Chemical Company) 3615 Olive, St. Louis, Missouri. 

Digney, Del (Oberdorfer Foundries, Inc.) Syracuse, New York. 

Dillon, Wm. J. (E. I. du Pont Company) 1528 klst Place, Des Moines, Iowa. 

Dodgen, C. W. (Dodgen & Company) 426 Central, Fort Dodge, Iowa. 

Dodgen, John N. (Dodgen & Company) 426 Central, Fort Dodge, Iowa. 

Dosch, Fred M. (Pacific Coast Borax Company) 102 B Westem, Amarillo, Texas. 
Doty, J. K. (California Packing Corporation) 606 N. Main Street, Rochelle, Illinois. 
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Dubuisson, E. B, (Port Fertilizer and Chemical Co.) Box 8, Elsa, Texas. 

Duckworth, George C. (Niagara Chemical Division) Box 1155, Lawton, Oxlaioma. 

Dunham, Bob (Bob Dunning-Jones Inc.) 1410 S. Lewis, Tulsa, Oklahoma. 

Durbrow, R. J. (Green Bay Flour & Feed, Inc.) 503 N. Broadway, De Pere, Wisconsin. 

Durr, Elvin (United Telephone Co.) Clinton, Missouri. 

Dutton, W. C. (Dow Chemical Co.) Midland, Michigan. 

Dyas, Duane E. (Sprayers' Incorporated) Box 22, Colby, Kansas. 

Earley, E. C. (Déw Chemical Co.) Room 4105, 135 S. La Salle, Chicago, Illinois. 

Easley, Tildon, (American Cyanamid Co.) 1308 Donaghey Building, Little Rock, Arkansas 
Eckroat, Arthur V. (Eckroat Feed and Seed Company) 1106 N. Eastern, Oklahoma City, Oklahoma. 
Edmiston, Eddie (California Spray-Chemical Corporation) 1716 S. Quincy, Tulsa, Oklahoma. 
Edwards, J. Pe, Niagara Falls, New York. 

Edwards, W. H. (Accessories Manufacturing Co.) 705 McGee Street, Kansas City, Missouri. 
Eichler, William (Velsicol Corp.) 330 E. Grand, Chicago, Iliinois. 

Elder, Cliff (Oklahoma A and M College) 720 Stanley, Stillwater, Oklahoma. 

Elliot, Irving C. (Smith Spraying Equipment) 10k), S. Pine, Denver, Colorado. 

Elwell, Harry M. (S.C.S. Research) Box 465, Guthrie, Oklahoma. 

Emmerson, Russell E. (Bourbon County Commissioner) Ft. Scott, Kansas. 

Erhart,; Delbert T. (Erhart Flying Service) Box 167, Lawrence, Kansas. 

Erwin, R. W. (American Dusting Co., Inc.) 821 South 9th St., Chickasha, Oklahoma. 
Estes, Linton H., Jr., (Empire Paper Co.) 100 Scott, Wichita Falls, Texas. 

Eubank, Le Co (Fe P. & Le Co.) 4026 McFarlin, Dallas, Texas, 

Euting, Neil A. (Michigan Chemical Corp.) Rt. 1, Rdm 30, Nashotah, Wisconsin. 

Evans, Sterling (Evans Orchard Supply Co.) 305 Delaware, Kansas City, Missouri. 

Faler, Robert D. (Bob Faler Flying Service) R. F. D. 4, Independence, Kansas. 

Feigin, A. 0. (General Chemical Division, Allied Chemical & Dye Co.) 4O Rector Street, New York 6, New York. 
Ferrell, Edward (Ferrell Chemical Co.) Mountain View, Oklahoma. 

Fertig, Stanley, Cornell University, Ithaca, New York. 

Fiffe, Art (Cloud County Weed Supervisor) 533 E. 6th, Concordia, Kansas. 

Finnegan, H. T. (Riley Brothers, Inc.) 209 North Main Street, Burlington, Iowa. 
Finnerty, Deane W. (Agronomy Department, University of Nebraska) Lincoln, Nebraska. 
Fisher, C. E, (Texas A and M College) Spur, Texas. . 

Fisher, Vernon J. (E. I. du Pont Company) 625 Houston Street, Manhattan, Kansas. 
Fleetwood, J. Ross (University of Missouri) Route 5, Columbia, Missouri. 

Flint, George W. (Standard 0il Company) 8401 Luella Avenue, Chicago, Illinois. 
Fortmeyer, D. F. (Hawkeye Spraying Service) Box 223, Goodland, Kansas 

Fosse, Dick (Monsanto Chemical Co.) Nicolas Road, Dayton, Ohio. 

Foster, J. Roe (Dominion Experimental Sub-Station) Regina, Saskatchewan. 

Foster, Ralph L. (Capper's Farmer Magazine) 912 Kansas Avenue, Topeka, sansas. 

Freels, H. RX, (Van Waters & Rogers, Inc.) Box 1188, Dalias, Texas. 

French, Stanley (Chemical Corporation of Colorado) 12th and Quivas Streets, Denver, Colorado. 
Frye, C. G. (American Dusting Company) Box 51, Chickasha, Oklahoma. 

Fuhriman, Del (National Flying Farmers) Trementon, Utah. 

Fulkerson, E, A. (S. W. Bell Telephone Co.) 1948 Stone, Topeka, Kansas. 

Funk, D. D. (D. D. Funk Aviation Co.) Will Rogers Airport, Claremore, Oklahoma. 

Furrer, J. D. (Agricultural Extension Service, College of Agriculture) Lincoln, Nebraska. 
Fuxa, Ray (Miller Chemical Co.) 525 North 15th Street, Omaha, Nebraska. 


Gallauresi, A. (Oberdorfer Foundries, Inc.) 102 Trump Street, Syracuse, New York. 
Gassaway, James E, (Oklahoma A and M College) 507 South Duncan, Stillwater, Oklahoma. 
Geise, F, W. (American Can Company) 10, South Michigan Avenue, Chicago, tifinois. 
Gentry, Stanley (Evans Orchard Supply Company) 305 Delaware, Kansas City, Missouri. 
Gerdes, E. C. (Geigy Company, Inc.) Box 503, Burlington, Iowa. 
Gerdes, Richard (Geigy Company, Inc.) 608 Lilac Lane, Minneapolis, Minnesota. 
Gibboney, J. L. (National Aluminate Corp.) 6216 West 66th Place, Chicago, Illinois. 
Gibson, John W. (Dow Chemical Company) 2541 Cashion Place, Oklahoma City, Oklahoma. 
Gilbert, Chas. J. (State Weed Board) Brookings, South Dakota 
Gilbert, Everett E. (General Chemical Division) P. 0. Box 149, Long Island City, New York. 
Girardot, Wayne B, (Agricultural First Chemical Corporation) P. 0. Box 1386, Lincoln, Nebraska. 
Gitlin, Harris M. (Dearborn Motors Corp.) 19 Wellesley Drive, Pleasant Ridge, Michigan. 
Gleason, Lowell S. (Botany Department, Iowa State College) Ames, Iowa. 
Goin, Milt (State Board of Agriculture) Rattan, Oklahoma. 
Gould, Joe W. (Chickasha Milling Co.) 1427 2lst Street, Chickasha, Oklahoma. 
Grace, John T. (Grace Flying Service) Box 621, St. Francis, Kansas. 
Gramlich, Howard J. (Chicago and North Western Railway System) 00 West Madison, Chicago, Illinois. 
Gray, James (Reasor-Hill Corporation) Route 1, Jacksonville, Arkansas. 
Gray, Roy B. (USDA) Beltsvilie, Maryland. 
Green, James A. (Standard Oil Company) 5642 Stony Place Avenue, Chicago 37, Illinois. 
Greagory, Merrill (Wallace's Farmer) 1912 Grand Avenue, Des Moines, Iowa. 
Grigsby, B. H. (Michigan State College) 201 Haslett a East Lansing, Michigan. 
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Gullikson, Glenn (Dow Chemical Company) Ortonville, Minnesota. 
Guth, Walter G, (Atwood Flying Service) Atwood, Kansas. 
Guttersen, Ernie (Mutual Dealers Wholesale, Inc.) 2361 Hampden Avenue, St, Paul, Minnesota. 


Hagen, A. B. (Murray County Agent) Slayton, Minnesota. 

Hall, Wm. F. (Chipman Chemical Co.) Boundbrook, New Jersey. 

Hamilton, Roger D. (Southwest Fertilizer & Chemical Co.) P. 0. Box 643, Lubbock, Texas. ° 
Hammons, G. W. (Price Brothers Equipment Inc.) P. 0. Rox 1881, Wichita, Kansas. 

Hamner, Charles L. (Michigan State College) 816 Chittenden, East Lansing, Michigan. 
Hanlon, Kenneth EB. (Pittsburgh Agricultural Chemical Co.) 322 N. Sarah, St. Louis, Missouri. 
Hanna, Ralph B, (United Cooperatives, Inc.) Room 2602, 123 S. Broad Street, Philadelphie 9, Pa. 
Hanrahan, S. F. (Californie Packing Corp.) 50 N. Main, Rochelle, Illinois. 

Hansen, Donald (Thompson Eorticultural Chemical Corporation) Box 216 Branson, Missouri. 
Hansen, Henry L. (University of Minnesota, University Farm) St. Paul, Minnesota. 

Hansen, J. R, (Kentucky Agricultural Experiment Station) 16 Shawnee Plece, Lexington, Kentucky. 
Hansen, H. C. (Hanson Chemical and Equipment Co.) Box 270, Beloit, Wisconsin. 

Happel, Herbert H., Effingham, Kansas. 

Harlan, Jack R. (B.P.I. & Oklahoma A and M College) Stillwater, Oklahoma. 

Harris, Lin (Chipman Chemical Co.) 6200 NW St. Helen's Road, Portland, Oregon. 

Harrison, R. J. (National Aluminate Corp.) 2940 Clermont, Denver 7, Colorado. 

Harrison, W. F. (E. I. du Pont Co., Grasselli Chemicals Department) 112 West Ferry Street, St. Louis, Mo. 
Hart, Ernest (Niagara Chemical Co.) Middleport, New York. 

Hart, W. H. (Hanson Chemical and Equipment Co.) box 270 Beloit, Wisconsin. 

Hastings, R. A. (Hastings Chemicais Ltd.) 363 Elin Street, Winnipeg, Manitoba. 

Heath, Gene, Court House, Marion, Kansas. 

Hedden, Orve K, (USDA) Box 107, Station "E" Toledo 12, Ohio. 

Helmandollar, James D. (Helmandollar & Rohwer) 401 E, 7th, Trenton, Missouri. 

Hemphill, Delbert D, (University of Missouri) Whitten Halil, Columbia, Missouri. 
Henderson, A. N., Watkins, Colorado. s 

Hendrian, C. E, (Safe-Way Manufacturing Co.) 20) Gilbert Street, Peoria, Illinois. 
Henrichson, Carl B, (E. I. du Pont Co.) 417 N. Third Street, Atchison, Kansas. 

Henry, Earl (Blackwell Aerial Sprayers) Box 310, Blackwell, Oklai.oma. 

Henry, James S, (Henry Equipment Co.) 505 N. Hudson, Oklahoma City, Oklahoma, 

Hicks, William L. (Spra-White Chemical Co.) Cedar Rapids, Iowa. 

Hill, Carl H. Jr. (Connally Implement Supply) Box 2129, Amarillo, Texas. 

Hill, Lyle 0. (Reasor-Hill Corporation) Route 1, Jacksonvilie, Arkansas. 

Hill, J. P. (Western Chemical and Manufacturing Co.) 520 S. McGee Street, Borger, Texas. 
Hinz, Robert W. (American Chemicai Paint Co.) 351 2nd Ave. - S., Minneapolis, Minnesota, 
Hobaugh, Carl F. (Rawdon Bros. Aircraft, Inc.) Box 1119,Wichita, Kansas. 

Hoffman, Otto L. (Botany Department, Iowa State College} Ames, Iowa. 

Hokanson, H. (Roberts County Weed Supervisor) 209 Ash Street, East, Sisseton, South Dakota. 
Holcen, Chas. A., Jr. (S.C.S.) 51h S. Osage, Girard, Kansas. 

Holen, Walter F,. (W. H. Barber Co.) 825 SE Thornton, Minneapolis, Minnesota. 

Holm, Le Roy, (Department of Horticulture, University of Wisconsin) Madison, Wisconsin. 
Hope, Raymond (Pottawatomie County Weed Supervisor) Westmoreland, Kansas. 

Horst, Elmer W. (Cowley County Weed Supervisor) 921 E. 19th St., Winfield, Kansas. 
Horney, Delbert (Wright Tree Service) Melbourne, Iowa. 

Hoyer, Clifford P. (N. S. Koos & Son Co.) 4500 13th Court, Kenosha, Wisconsin. 

Houston, G. M. (Agricultural Chemicals Inc.) Llano, Texas. 

Hucksol, Leroy C. (Russell County Weed Supervisor) Russell, Kansas. 

Hudson, Max (State Board of Agriculture) Hobart, Oklahoma. 

Huff, John F. (S. W. Bell Telephone Co.) 1555 Fairmount, Wichita, Kansas. 

Hulme, Thomas,(York Air Service) Box 337, York, Nebraska 

Huneke, M. A. (Cardox Corporation) Box 66, Claremore, Oklahoma 

Hunt, 0. J. (Pacific Coast Borax Co.) 50 Delta Building, New Orleans, La. 

Hunt, Walter, (Board of Agriculture) Arkansas City, Kansas. 

Hutcherson, Ralph (Bourbon County Weed Supervisor) Route 3, Fort Scott, Kansas. 
Hutchison, J. L. (Kansas State Board of Agriculture) Paradise, Kansas. 

Hyde, F. W. (Harvey County Weed Supervisor) Haluvtead, Kansas. 

Hyer, H. E. (Oklahoma Extension Service) Woodward, Oklahoma. 

Hyland, J. A. (Pacific Coast Borax Co.) 2295 Lumber Street, Chicago 16, Illinois. 

Hyry, Edmund C, (Associated Sales & Supply Co.) St. Louis, Missouri. 


Igo, Harry C. (Plainsman Supply Co.) 510 E. 6th Street, Plainview, Texas. 
Ingram, Cecil (Ingram Flying Service) Dalhart, Texas. 

Inman, Richard L. (Wright Tree Service) Waukee, Iowa. 

Irwin, Howard (Michigan Chemical Corp.) 73luSHouchin, Jefferson City, Missouri. 


Jacobs, Homer L. (Davey Tree Expert Co.) Kent, Ohio. 
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Jackson, E. C. (State Chemical Co.) 916 Rusk Street, Amarillo, Texas. 

Jaggars, Paul (California Spray-Chemical Corp.) 1010 East Reno, Oklahoma City, Oklahom. 
Jaquiss, Jack (Skelly 0il Company 605 West 47th Street, Kansas City, Missouri. 
Jennings, V. L. (Cotton Electric Co-Op.) 129 E. Va., Walters, Oklahoma 

Jenson, A. 0. (American Cyanamid Co.) 30 Rockefeller Plaza, New York, New York. 

Jensen, Gordon (Gre-Sen Manufacturing Co.) 128 North Colfax, Minneapolis, Minnesota. 
Johnson, A. Ke(Delavan Manufacturing Co.) 3009 6th Avenue, Des Moines, Iowa. 

Johnson, F. R. (Mathieson Chemical Corp.) 509 Mathieson Building, Baltimore, Maryland. 
Jones, Mike (California Spray-Chemical Corp.) 2031 N. W. 31st, Oklahoma City, Oklahoma. 
Jones, W. Le, Jr. (Jones-Walker Farm Chemical Co.) Box 93, Plainview, Texas. 

Jones, W. S. (Agricultural Services) Minneapolis, Minnesota, 


Kays, W. R. (Oklahoma A and M College) Stillwater, Oklahoma. 

Kennady, John W. (Kolker Chemical Works) Box 9627, Houston 15, Texas. 

Kenworthy, John C., Box 186, Cushing, Oklahoma. 

Kern, Curtis R. (Atlas Powder Co,) Wilmington, Delaware. 

Kern, K. G. (S. W. Bell Telephone Co.) 1215 Garfield, Topeka, Kansas 

Kersey, Glenn (Iowa Department of Agriculture) State House, Des Moines, Iowa. 

Kimball, Kenneth L, (Thompson-Hayward Chemical Co.) Tulsa, Oklahoma 

King, David C., Box 610, Winfield, Kansas. 

Kirby, B. He (Doc) = (Ki Sales Co.) Box 393, Hereford, Texas. 

Kircher, W. H. (The Farmer) 55 E, 1Cth St., St. Paul 2, Minnesota. 

Klein, Eugene L. (Vulcan Sales Co.) 71h Jarboe, Kansas City, Missouri. 

Klein, Kenneth 0, (The Farmer) 55 E, 10th St., St. Paul 2, Minnesota. 

Klingman, Dayton L. (Weed Investigations, B.P.I.S.A.E.) 33ll Dudley, Lincoln, Nebraska. 

Knaus, Robert J. (Riverdale Chemical Co.) 8003 Jarboe, Kansas City, Missouri. 

Knott, Nick (Bob Dunning-Jones, Inc.) 20 S. Zunis, Tulsa, Okla. 

Knowles, George, (Experimental Farm) Ottawa, Canada. 

Koehler, H. C. (Monsanto Chemical Co.) 1800 S. 2nd St., St. Louis, Missouri. 

Kratochvil, D. E. (Division of Weed Investigations, Botany Department, North Dakota Agricultural College) 
Fargo, North Dakota. 

Kygar, R. W. (Plant Food Division, Swift & Co.) 1214 Ss. Fulton, Tulsa, Oklahoma. 


Lambert, Dwight W. (Division of Noxious Weeds, Dept, of Agriculture) Lincoln, Nebraska, 
Lampman, E, F, (Stewart-Warner Corp.) 1826 Diversey Parkway, Chicago 1), Illinois. 
Lance, John R,. (Forest Preserve District of Cook County, Illinois) 9718 King, Franklin Park, Ill. 
Larson, Russell (USDA) 1918 Saunders Avenue, St. Paul, Minnesota, 

Laverty, Charles 0. (Lavery Seed Farms) Indianola, Iowa. 

Le Clair, Jack J., 813 North Osage Street, Ponca City, Oklahoma. 

Lee, Harry M., State House, Pierre, South Dakota. 

Horace W, (Niagra Chemical Division) Tallulah, Louisiana. 

Lee, Oliver C, (Purdue University) Lafayette, Indiana. | 

Lemmon, Raymond (Americal Chemical Co.) 4618 Cass Street, Omaha, Nebraska, 

Lenz, A. H. (American Telephone and Telegraph Co.) 20 N. Wacker, Chicago, Illinois. 
Leorwald, Larry (Kirby Sales) 107 Avenue "H," Hereford, Texas. 

LeVan, Bob (Chemical Corporation of Colorado) 2272 Lamar, Denver, Colorado, 

Lieser, Chase M, (Wallace's Farmer and Wiscohsin Agriculturist) 1912 Grand Avenue, Des Moines, Iowa. 
Linsley, R. B. (General Chemical Division) 2625 Alexander, Waco, Texas. 

Lofgran, F. *, (Davey Tree Expert Co.) 127 S. Chestnut, Kent, Ohio. 

Loomis, W. E. (Department of Botany, Iowa State College,) Ames, Iowa. 

Lott, W. F. (Oklahoma A and M College Farm) 3632 N. W. 10th St., Oklahoma City, Oklahoma 
Lovely, Walter P. (USDA - B.P.I. Ss. AE) 793 Pam Courts, Ames, Iowa. 

Lovvorn, R. Le (USDA - F.P.I.S.A.E.) Plant Industry Station, Beltsville, Maryland, 
Luvisi, George W, (National Aluminate Corp.) 6216 West 66th Place, Chicago, Illinois. 
Lynde, Fred C, (Department of Army, Corps of Engineers) 16 West Apache, Tulsa, Oklahoma. 


Mac Donald, W. P. (F. H. Peavey & Co.) 912 Grain Exchange, Minneapolis 15, Minnesota. 
McCall, George L. (E. I. du Pont Co.) 3 Stockwell Road, Wilmington, Delaware. 

McClasky, C. W., Route 3, Girard, Kansas. 

McCormack, Ken (A. T. Ferrell & Co.) 802 Anna, Denton, Texas. 

McCoy, W. G. (Corn States Hybrid Service) 212) N. W. 19th Street, Oklahoma City, Oklahoma. 
McCully, Wayne G, (Texas Agricultural Experiment Station) Box 2 F.E., College Station, Texas. 
McDonald, Glen T. (The Broyhill Company) Dakota City, Nebraska, 

McLane, Hilles R, (General Chemical Division) 818 Olive Street, St. Louis, Missouri. 
McLaughlin, James E. (Hanson Chemical & Equipment Company) Box 270, Beloit, Wisconsin. 
McPherson, H. L. (Agair, Inc.) 2405 22nd Street, Lubbock, Texas. 

McSpadden, H. D. (E. I. du Pont Co.)1207 Foshay Tower, Minneapolis, Minnesota. 

McWhirter, E. I. (Texas Farm and Ranch) 400 West 7th Street, Fort Worth, Texas. 

Mahon, Roy 0. Box 249, Dodge City, Kansas. 
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Mahoney, Frank B. (Hanson Chemical and Equipment Company) Box 270, Beloit, Wisconsin. 

Manns, Marshall M., 40 East Saginaw Street, St. Louis, Michigan. 

Markham, Lou (Swift and Company) 160 North Travis Street, Sherman, Texas. 

Marshall, Ernie (G. L. F.) Ithaca, New York. 

Marshall, James F, (The Progressive Farmer) Southland Life Insurance Building Annex, Dallas, Texas. 
Martin, Dean M. (South Dakota State Weed Board) Brookings, S. Dakota. 

Massengale, J. T. (Sharples Chemicals, Inc.) 2343-19th Street, Wyandotte, Michigan. 


Mathers, F. E. (American Telephone and Telegraph Company - Denver Division) 810 lith Street, Denver, Colorado. 


Mathias, John S. (Private Brands, Inc.) 300 S, 3rd Street, Kansas City, Kansas. 

Meador, Daniel B, (University of Missouri) 716 Maryland, Columbia, Missouri. 

Mefferd, Paul (Twin-Draulic, Inc.) Laurens, Iowa. 

Melander, L. W. (Bureau of Entomology and Plant Quarantine) 301 Met Bldg., Minneapolis, Minn, 
Metzger, Homer (Jefferson County Weed Supervisor) Oskaloosa, Kansas. 

Milam, Leo (Connally Implement Company) 8324 East Madison, Oklahoma City, Oklahoma 

Miles, R. J. (Farm Easy Products, Inc.) 901 S. Jefferson, Springfield, Missouri. 

Miller, John H, (USDA - B.P.I.S.A.E, Weed Investigations) University Farm, St. Paul, Minnesota 
Milier, R. G. (Laverty Seed Farm) 209 South First, Indianola, Iowa. 

Minarik, C,. E. (Camp Detrick) Frederick, Maryland. 

Mineau, W. E. (Chemical Corporation of Colorado) 620 Strong, Brighton, Colorado. 

Mitchell, E. J. (Flax Development Committee) Baker Building, Room 700, Minneapolis 2, Minnesota. 
Malony, Herb (Price Brothers Equipment, Inc.) Box 1881, Wichita, Kansas. 

Moorehead, F. G, (Ida County Weed Commissioner) 410 Moorehead Street, Ida Grove, Iowa, 
Moorehead, Welton W. (Thompson Hayward Chemical Company) 828 NW 2nd Street, Oklahoma City, Oklahoma. 
Morgenthaler, David T. (Delavan Manufacturing Co.) 1122 45th Street, Des Moines, Iowa. 

Morey, A. P. (Ordnance Corps, Lake City Arsenal) Independence, Missouri. 

Morris, J. S. (American Cyanamid Co.) i201 Elm, Apt. 9, Austin, Texas, 

Morris, Russ (Accessories Manufacturing Co.) 55 Broadway, Chicago, Illinois. 

Morris, W. 5, (Grain Belt Chemical Co.) 6510 Edgevale Road, Kansas City, Missouri. 

Morrison, R. L. (Hart-Carter Co.) 655 19th Avenue - N. E., Minneapolis, Minnesota, 

Mozer, P. G. (Chemical Corporation of Colorado) 12th and Quivas Streets, Denver, Colorado. 
Mueller, Robert M, (Private Brands, Inc.) 300 South Third Street, Kansas City, Kansas. 

Murphy, Roy E. (International Harvester Co.) 180 North Michigan, Chicago, Illinois. 

Murray, James E, (Pennsylvania Salt Manufacturing Co.) 6411 West 68lst Terrace, Overland Park, Kansas, 
Murron. Leland (Bourbon County Commissioner) Blue Mound. Kansas. 


Naylor, John E. (E. I. du Pont Co.) 415 Concord Place, San Antonio, Texas. 

Nearing, Forrest H. (Nearing Aerial Crop Services) 1009 East South Avenue, Ponca City, Oklahoma. 
Negaard, Donald, (Sisseton Flying Service) Sisseton, S. Dakota. 

Nelson, C. E. Jr. (E. I. du Pont Co.) 112 West Ferry Street, St. Louis, Missouri. 

Nelson, Doug (Niagara Chemical Division) 1511 S. St. Mary, Grand Island, Nebraska. 

Nelson, J. E. (Wright Tree Service) 1523 Linden, Des Moines, Iowa. 

Nelson R. H. (R & P Trucking Co.) 217 East First Street, Hutchinson, Kansas, 

Nelson, Russell T, (Great Western Sugar Co.) Box 539, Longmont, Colorado, 

Newell, V. 0. (Nash Equity Exchange) Nash, Oklahoma. 

Newman, Arthur S, (Camp Detrick) Frederick, Maryland. 

Newton, W. F. (Columbia Southern Chemical Co.) Sth and Bellefield, Pittsburgh, Pa. 

Nichols, L. C. (Price Bros. Equipment Inc.) 101 South Capitol, Guthrie, Oklahoma. 

Nickell, Louis G. (Chas, Pfizer and Co., Inc.) 201 Clinton Avenue, Brooklyn 5, New York. 

Nipy, Carl W. (Carl W. Nipy Co.) Des Moines, Iowa. 

Noe, Warden L. (Kansas State Board of Agriculture) State House, Topeks, Kansas. 

North, Harold D., Jr. (The Engine Parts Manufacturing Co.) 1360 West 9th Street, Cleveland 13, Ohio. 
Noyes, Frank (Thompson Chemical Corporation) 3028 Locust, St. Louis, Missouri. 


O'Dell, John W, (Bartels amd Shores Chemical Co.) 1,00 St. Louis Avenue, Kansas City, Missouri. 
Orsenigo, Joe (Department of Vegetable Crops, Cornell University) Ithaca, New York. 

Olson, P. J. (University of Manitoba) 1,3 Baltimore Road, Winnipeg, Manitoba. 

Ong, Donald H. (Aero Chemical Industries) Box 21, Kansas City, Missouri. 

Owens, R. Le (State Board of Agriculture) Woodward, Oklahoma 


Palmer, Sid (Wallace's Farmer and Wisconsin Agriculturist) 1912 Grand Avenue, Des Moines, Iowa. 

Pass, Herbert A, (Sherwin-Williams Co.) 2875 Centre Street, Montreal, Quebec, 

Patterson, Max (Geneva Agricultural Experiment Station, Cornell University) Geneva New York, 

Paulson, C. A. (Thompson Chemical Co.) 3028 Locust, St. Louis, Missouri. 

Pavlychenko, Thomas K,, 1027 Temperance Saskatoon, Saskatchewan. 

Payne, Cecil R, (Purdy Consolidated Schools) 402 Sth Street, Monett, Missouri. 

Payne, Chas. (Neosho County Weed Supervisor) Thayer, Kansas. 

Pearson, John H. (General Chemical Division, Aliied Chemical and Dye Corp.) Box 1u9, Long Island City, N. 
Peek, Carlton L. (American Cyanemid Co.) 650 Dickens Avenue, Dallas, Texas. 

Penhallegon, R. W. (Barada & Page, Inc.) 272 N. W. 25th, Oklahoma City, Oklahoma. 
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Penn, Earl (Reasor-Hill Corporation) Box 5128, Amarillo, Texas. 

Perry, Lewis L. (Dodge Chemical Co.) 1327 S. Winston, Tulsa, Oklahoma. 

Peterson, Mennett C, (Windom Implement Company) Windom, Minnesota. 

Petterson, A. W. (Twin-Draulic Inc.) Laurens, Iowa. 

Pfaff, Edw. I. (Spraying Systems Co.) 96 E. North 9th, Cleveland, Ohio. 

Phillips, Ww. Me (USDA B.P.1I.S.A.E.) Spur, Texas, 

Pinkston, Ted (State Board of Agriculture) 2531 East lth Street, Tulsa, Oklahoma. 

Piper, H. (Piper Aircraft) Lock Haven, Pa. 

Piper, W. T. (Piper Aircraft) Island Route, Lock Haven, Pa. 

Pipes, G. W. (MFA Oil Company) Columbia, Missouri. ; 
Plant, E. K. (Columbia Southern Chemical Corporation) 407 Holmston Building, Charlotte, North Carolina. 
Playfair L. (Manitoba Power Commission) 602 Canada Building, Winnipeg, Manitoba. 

Ploch, Herbert J. (Research Division, Lion Oil Co.) El Dorado, Arkansas. 

Poland, J. Lloyd (Niagara Chemical Company) Middleport, New York. 

Polite, Jack (Kolker Chemical Works, Diamond Alkali Company) Cleveland 1h, Ohio. 

Ponder, 0. A. (Pacific Coast Borax Co.) 1414 Electric Building, Fort Worth Texas. . 
Popham, K. N,. (bullaio Turbine Agricultural Equipment Co., Inc.) Gowanda, New York. 
Potts, C. F. (Thompson Hayward Chemical Company) 727 East Osie, Wichita, Kansas. 

Powell, J. A. (R. & P,. Trucking Co) 217 East First Street, Hutchinson, Kansas. 

Pratt, L. D. (Accessories Manufacturing Company) 705 McGee Street, Kansas City, Missouri. 
Pruitt, Cary H. (Neosho County Commissioner) Route 1, Parsons, Kansas. 

Pryor, Del H. (Murray County Weed Supervisor) Slayton, Minnesota. 

Putnam, D. H. (Butler County Bindweed Department) Court House, El Dorado, Kansas. 


Queen, M. L. (Hypro Engineering, Inc.) 410 N. Poplar, Dexter, Missouri. 


Rae, 0. S, (State Department of Aeronautics) State Capitol, Lincoln, Nebraska. 
Rainvi.le, Wallace N. (Gre-Sen Manufacturing Co.) 628 North Colfax Avenue, Minneapolis, Minnesota, 
Rake, D. W. (Pacific Coast Borax Company) 1015 Walnut, Kansas City 6, Missouri. 

Raleigh, S. M. (Pennsylvania State College, Agronomy Department) State College, Pa. 
Rappe, E. H. (Swift and Company) U. S. Yards, Chicago, Illinois. 

Ratliff, Darrell (Chickashe Milling Co.) Box 548, Carnegie, Oklahoma. 

Raudebaugh, L. R. (F. E. Myers & Bros. Co.) 3932 Cortez Drive, Dallas, Texas. 

Raynor, R. N. (Dow Chemical Company) 310 Ranson Street, San Francisco, California. 

Rea, Homer E. (A and M College) College Station, Texas. 

Reade, Charles F. (Reade Manufacturing Co., Inc.) 135 Hoboken Avenue, Jersey City, New Jersey. 
Reading, A. J. (Chipman Chemical Co., Inc.) 608 South Dearborn, Chicago 5, Illinois. 
Reade, Richard (Mid-Continent Aerial Sprayers & Dusters Company) Sikeston, Missouri. 
Reed, Frank (Spraying Systems Company) 32 North First Street, Minneapolis, Minnesota. 
Reed, H. C., Slayton, Minnesota. 

Regnier, Carl H. (Nichols Seed Company) 2517 NW 37th Street, Oklahoma City, Okla oma. 
Reis, Stan (Department of Vegetable Crops, Cornell University) Ithaca, New York. 

Resch, Harry S. (Resch Flying Service) Meade, Kansas. 

Reynolds, Ernest (Central Mine Supply) Box 5386, Mt. Vernon, Illinois. 

Richards, Wm. F. (Dow Chemical Company) Midland, Michigan. 

Rider, Franklin, Sr. (Stauffer Chemical Company) 522-A M & M Building, Houston 2, Texas. 
Robinson, Larry, (Board of Agriculture) 122 Capitol Building, Oklahoma City 5, Oklahoma. 
Rogers, Donald E. (Rio Grande Railway) 2905 Chase, Denver 14, Colorado. 

Rogers, Eari G. (University of Florida) Gainsville, Florida. 

Rogers, Jim, (Board of Agriculture) 201 East Madison, Oklahoma City 5, Oklahoma. 

Romshe, F, A. (Horticulture Department, Oklahoma A and M College) Stillwater, Oklahoma. 
Ronan, F. Js, Jre, (Pittsburgh Agricultural Chemical Company) 75 East Wacker Drive, Chicago, Illinois. 
Ross, Elizabeth S, (Monsanto Chemical Company) 100 North 89th St., St. Louis, Ill. 

Rose, G. E. (S. W. Bell Telephone Company) Winfield, Kansas. 

Roseman, M. H. (Chemical Corporation of Colorado) 2 South Dexter, Denver, Colorado. 
Rosenow, P. M. (Holly Sugar Corporation) Hardin, Montana. ° 

Rowe, V, K. (Bio-Chemistry Research Department, Dow Chemical Company) Midland, Michigan. 
Rue, Joseph (Oldbury Electro-Chemical Company) 19 Rector Street, New York 6, New York. 
Rupp, Ed (Capper's Farmer) 1913 Medford, Topeka, Kansas. 

Russell, Allen W, (Russell Dusting Company) Stinson Field, San Antonio, Texas. 

Rowland, Virgil (Rowland and Gordon Company) Box 170, Plainview, Texas. 

Ryland, R. W. (Chemical Corporation of Colorado) 1450 Franklin, Denver, Colorado. 


Samples, Everett (Finney County Weed Supervisor) 1612 North 7th Street, Garden City, Kansas. 

Sand, Paul F. (Department of Agriculture) Lincoln, Nebraska. 

Schaaf, Herb H. (Bertrand Farms, Oakley, Kansas) Monument, Kansas, 

Schrader, H. E. (S. We Bell Telephone Company) Parsons, Kansas. 

Schrader, Leonard L. (Extension Service, South Dakota State College) 712 12th Avenue, Brookings, South Dakota. 
Schroeder, E. F. Jr. (Pennsylvania Salt Manufecturi ng Company, 511 Crescent Drive, Bryan, Texas. 
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Schott, Earl E. (Thompson Hayward Chemical Company) 826 N. W. 2nd Street, Oklahoma City, Oklahoma. 
Scott, Henry S. (Fort Worth Poultry and Egg Company) 00) Medford Road, Fort Worth, Texas. 
Scott, Maynard W. (Kansas State Board of Agriculture) 72) West 8th Street, Larned, Kansas. 
Scott, Walter 0. (University of Illinois) 902 South Orchard, Urbana, Illinois. 

Schwab, William (Research Division, Armour & Co.) 1106 Rose Avenue, Des Plaines, Illinois. 
Shager, B. J. (International Harvester Company) East Moline, Illinois. 

Shadbolt, C. Allen ( Department of Horticulture, University of Wisconsin), Madisn, Wisconsin. 
Shatwell, Wm. E. (Headquarters, Sth Army) 709 Division, Barrington, Illinois. 

Shenk, Glen (Shenk Flying Service) Silver Lake, Kansas. 

Sheridan, Edward S, (Geigy Company, Inc.) McGregor, Texas. 

Sherman, K. H. (E. I. du Pont Co., Grasselli Division) 112 West Ferry, St. Louis, Missouri. 
Sherwood, F. R. (American Chemical Paint Co.) 465 Drew Avenue, Minneapolis, Minnesota. 
Siegfried, F. W. (Lake County Weed Supervisor) Madison, South Dakota. 

Silversides, W. H. (Hastings & Sons) Winnipeg, Manitoba. 

Simons, Glenn (Twin-Draulic Inc.) Laurens, Iowa. 

Slife, Fred W. (Department of Agronomy, University of Illinois) Urbana, Illinois. 

Slough, A. T. (F. H. Peavey & Co.) Halstad, Minnesota. 

Smith, Chet (Tri-State Milling Company) 1220 West Blvd., Rapid City, South Dakota. 

Smith, Hillard L. (Dow Chemical Company) 3600 Boston, Midland, Michigan. 

Smith, Joe C. (OK-TEX Chemicals, Inc.) 1915 Oth Street, Lubbock, Texas. 

Smith, L. H. (Cottonwood County) 617 Prospect Avenue, Window, Minnesota. 

Smith, Ora (Department of Vegetable Crops, Cornell University) Ithaca, New York, 

Smith, Walton A. (Riverdale Chemical Company) 32 East 147th Street, Harvey, Illinois. 
Snyder, Darl E. (Standard 0il Company) 910 South Michigan, Chicago, Illinois. 

Sorensen, Eldon (Sevdy-Sorenson) Worthington, Minnesota, 

Southwick, Lawrence (Dow Chemical Company) 122 West Carpenter Street, Midland, Michigan. 
Sparkman, J. R. (Delavan Manufacturing Company) 310) Roscoe Street, Dallas 12, Texas. 
Svarrow, Walter R, (Engine Parts Manufacturing Comoany) 3305 Myrtle Avenue, Omaha, Nebraska. 
Spletts, Al (Associated Producers Inc.) Le Sueur, Minnesota. 

Spradling, Stuart L. (MFA Oil Company) Columbia, Missouri. 

Squire, George C. (Squire Farm Supply) Bottineau, North Dakota 

Stahl, Chas. A. (State Department of Agricuiture) Lansing, Michigan. 

Stahler, L. M. ( USDA - B.P.I.S.A.E.) Columbia, Missouri. 

Standart, W. C. (Accessories Manufacturing Company) 5306 West 5Oth Street, Mission, Kansas. 
Standen, J. H. (B. F. Goodrich Chemical Company) Rose Building, Cleveland, Ohio. 

Stanford, John P. (Oldbury Electro-Chemical Company) Box 1527, Baton Rouge, Louisiana. 
Staniforth, David (Botany Department, Iowa State College) Ames, Iowa. 

Staten, Earl D., 82 McElroy, Stillwater, Oklahoma. 

Steece, Henry M. (0.E.S, = USDA) Washington 15, D. C. 

Stein, Philip R. (Iowa State College) Ames, Iowa. 

Stentz, S. L. (Stentz Equipment Company) 5605 East Admiral Place, Tulsa, Oklahoma 
Stephany, K. J. (Gordon Chemical Company) 1100 Hickory, Kansas City, Missouri. 

Stone, Lloyd (Plainsman Supply Company) 906 West 10th Street, Plainview, Texas, 

Stone, James (USDA - B.P.I.) 817 Medar, Brookings, South Dakota. 

Strachan, Geo, M. (Sante Fe Ry.) 122 Railroad Exchange, Chicago, Illinois. 

Stull, E. B. (Stull's Chemicals, Inc.) 218 Blakeley Drive, San Antonio, Texas, 

Stucky, H. E. (McPherson County Weed Department) McPherson, Kansas. 

Sullivan, T. J. (Northwestern Bell Telephone Co) 710 Telephone Building, Des Moines 9, Iowa. 
Sumners, George Jr., (American Cyanamid Commany) Stillwater, Oklahoma, 

Sutton, Newt (Sutton Tree Company, Inc.) Box 542, Independence Kansas. 

Swanson, C. R. (Division of Weed Investigations) Beltsville, Maryland. 

Swink, Frank (Stevens County Weed Department) Box 172, Hugoton, Kansas. 

Swink, Hugh, (Pittsburgh Agricultural Chemicals Company) 3110 North Fitzhugh, Dallas, Texas. 
Swisher, E. M. (Rohm & Haas Company) 603 Midland Building, Kansas City, Missouri. 
Sylwester, E. P. (Agricultural Extension Service, Iowa State College) Ames, Iowa. 


Tandy, Clyde, Jr. (Port Fertilizer and Chemical Company) Box 355, Los Fresnos, Texas. 
Tafuro, Anthony (American Chemical Paint Company) Ambler, Pa. 

Talley, Paul J. (Lion Oil Company) 116 N. Parkway, Eldorado, Arkansas. 

Tanner, M. B, (Kansas Air Activities) 33 East 6th Street, Russell Kansas. . 

Taylor, D. F. (Remington Arms Company, Inc.) Lake Tapawingo, Blue Springs, Missouri. 
Taylor, Frank R, (Taylor Brothers) 319 East Granid, Tonkawa, Oklahoma. 

Taylor, Jack P, (American Chemical Paint Company) 518 Belton Street, Charlotte, North Carolina, 
Taylor, Roy R. (Roy R. Taylor Agricultural Services) Meacham Field, Fort Worth, Texas. 
Tedder, M. C, (Red River Aero Dusting Company) 2907 Walnut Street, Texarkana, Texas. 
Teer, Howard (Pennsylvania Salt Manufacturing Company) Box 793, Bryan, Texas. 

Thayer, Ed. S. (The Emusol Corporation) 59 East Madison Street, Chicago, Ill. 
Thiriot, J. P.(Chickasha Milling Company) Box 588, Chickasha, Oklahoma. 
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Thomas, Jack B. (University Airport, Inc.) Box 21, Pratt, Kansas. 

Thomas, Philip (Thomas Nursery) 4801 South Peoria, Tulsa, Oklahoma. 

Thompson, Robert S. (Thompson Hayward Chemical Company) 2915 SW Blvd., Kansas City, Missouri. 
Thompson, Wm. T. (Thompson Chemical Corporation) 3028 Locust, St. Louis, Missouri. 

Thorp, Russel L. tt Manufacturing Company) 918 Sheridan, Salina, Kansas. 

Tibbits, Theodore W. (Department of Horticulture, University of Wisconsin) Madison, Wisconsin. 
Tietmeyer, C. W. (Agricultural Flying Service) Route 1, York, Nebraska. 

Tilton, R. L. (Edw. J. Funk & Sons) Kentland, Indiana. 

Tinnon, Smokey (D. D. Funk Aviation Co.) Will Rogers Field, Claremore, Oklahoma. 

Titensor, Clain E. (Agricultural Processing Industries) 3501 East Léth Street, Denver, Colorado. 
Tole, W. B. (Tole Landscape Service) Box 51, Independence, Kansas 

Tomasek, H. F. (Pittsburgh Agricultural Chemical Co.) 322 N. Sarah, St. Louis, Missouri. 
Torrey, John W. (Hercules Powder Company) 1210 Gulf States Building, Dallas, Texas. 

Trolinger, Art (Hayes-Sammons Chemical Co.) 1121 Kearalum, Mission, Texas. 
Tullis, Edgard C., Frederick, Maryland. 

Turner, M. B. (American Chemical Paint Company) Ambler, Pa. 


Ungerer, Aug. 4%. (Marshall County Weed Supervisor) Court House, Marysville, Kansas. 


Van Geluwe, John (G. L. F.) Ithaca, New York. 

Yan Scoik, William S. (American Cyanamid Co.) 811 North Main Street, Auburn, Indiana. 
Van Tuyl, Wendell (Clark Manufactur Co.) Atherton, Missouri. 

Vick, Ben (State Board of Agriculture) Madill, Oklahoma. 

Viehmeyer, Glenn (Experiment Station, University of Nebraska) North Platte, Nebraska. 


Wagner, R. L. (Fertilizer & Chemical Supply Company) Hartington, Nebraska. 
Walter, Carl (Silas Mason Company, Iowa Ordnance Plant) Burlington, Iowa. 
Wangerin, R. R. (Monsanto Chemical Company) 1700 South 2nd Street, St. Louis, Missouri. 
Warren, G. F. (Purdue University) Lafayette, Indiana. 

Waters, Harold A, (Southwest Sprayer and Chemical Comoany) Box 87, Waco, Texas. 
Watson, A. J. (Dow Chemical Company) 225 Broadway, South Haven, Michigan. 
Watwood, R. P. (Monsanto Chemical Company) 2790 Lafayette Street, Santa Clara, California. 
Ways, A. A., 3920 Wentwood Drive, Dallas, Texas. 

Weber, Donald R. (Spraying Systems Company) 3201 Randolph, Bellwood, Illinois. 

Wellman, R. H. (Carbide and Carbon Chenical Company) 1086 North Broadway, Yonkers, New York. 
Wenger, Otto E. (Naugatuck Chemicals, U. S. Rubber Company) 2638 North Pulaski, Chicago, Illinois. 
West, A. R. (Tryco Manufacturing Company) Decatur, Illinois. 

West, R. B. (Tryco Manufacturing Company) 1600 N. Calhoun, Decatur, Illinois. 

Westling, Harold (Wyatt Manufacturing Company) Salina, Kansas. 

Wethington, W. 0., Nash, Oklahoma 

Whiston, R. R. (E. I. du Pont Co.) 112 West Ferry Street, St. Louis, Missouri. 

White, Robt. F. (Oberdorfer Foundries, Inc.) 311 Sumpter Drive, Dallas Texas. 

Whitfield, D. A. (Niagara Chemical Division) Box 162, Greenville, Mississippi. 

Whitmer, Ralph H. (Green Giant Company) Belvidere, Illinois. 

Whittam, Donald (Aircraft and Special Equipment Center) Box 7216, Oklahoma City, Oklahoma. 
Whornham, George (A.C.P.) 154 7th, Idaho Falls, Idaho. 

Wilkerson, L. E. Jr. (Stentz Equipment Company} 5506 East Admiral Place, Tulsa, Oklahoma. 
Wiley, L. R. (The Progressive Farmer) Southland Building Annex, Dallas, Texas. 

Wilkins, L. 0. (Continental Manufacturing Company) 1011 Mechanic, Harrisonville, Missouri. 
Willard, C. J. (Ohio State University) Columbus 10, Ohio. 

Williams, J. A. (H. D. Hudson Manufacturing Co.) 620 Broadway, Kansas City, Missouri. 
Williams, Vernon R. (L. Eaton Wholesale Company) Guthrie, Oklahoma. 

Wilson, Jesse P. (Lion Oil Company) 1203 North Newton, El Dorado, Arkansas. 

Wilson, Lloyd R. (South Dakota Extension Service) Brookings, South Dakota. 

Wilson, Raymond (Western Chemical & Supply Company) 1107 Andress, Borger, Texas. 

Winter, A. W. (Winter Flying Service) Kanorado, Kansas. 

Winter, Orvan V. (Post Engineer, Camp Atterbury) Clifford, Indiana. 

Winters, C. R. (John Powell & Co., Inc.) 350 N. Clark, Chicago, Illinois. 

Wightman, Dixon (Midway Distributors, Inc.) P. 0. Box 217, Huron, South Dakota. 

Wirth, J. F. (Hypro Engineering, Inc.) 40 Washington - North- Minneapolis, Minnesota. 
Whitman, E. D. (Columbia Southern Chemical Corporation) 5th Avenue & Bellfield, Pittsburgh 12, Pa. 
Woestemeyer, Vernon W. (Weed Division, Board of Agriculture) State House, Topeka, Kansas. 
Wolcott, Art (Farmers Union Central Exchange) 706 Grand, Billings, Montana. 

Wolf, Dale E. (E. I. du Pont Co.) Hockessin, Delaware. 

Wolfe, H. (Extension Weed Specialist, Washington State College) Pullman, Washington. 

Wood, R. R. (Great Western Sugar Company) Lo nt, Colorado. 

Woodbury, H. A. (Woodbury Chemical Company) 3607 Penn Street, St. Joseph, Missouri. 

Wycoff, Chas. B, (Ford Company) Route 1, Dodge City, Kansas. 

Wymore, Landon (Wright Tree Service) 2506 2nd Avenue, Council Bluffs, Iowa. 


REGISTRATION LIST 1951 CONFERENCE 


(Continued) 


Yahnke, B. L. (Green Giant Company) Le Sueur, Minnesota. 

Young, Dale W. (Botany Department, Iowa State College) Ames, Iowa. 

Young, Ralph E. (Ohio State Board of Aviation) 501 Wyandotte Building, Columbus, 
Younghein, John k. (Skyways, Inc.) 1001 Norfolk Avenue, Norfolk, Nebraska. 
Yuille, Ed (Yuille Farm Chemical Company) Higginsville, Missouri. 


Zahnley, J. W. (Kansas State College) Manhattan, Kansas. 

Zorsch, Charles P. (Monsanto Chemical Company) St. Louis, Missouri. 

Zepp, Howard L. (Rohm and Haas Co.) 1221 Baltimore, Kansas City, Missouri. 
Zoller, C. L. (Phillips County Weed Supervisor) 602 H, Phillipsburg, Kansas. 
Zuhl, Herbert A. (Dow Chemical Company) 1726 McGregor, Midland, Michigan. 


LIST OF MEMBER COMMERCIAL ORGANIZATIONS 


Aerial Applicators Association, Box 1902, Oklahoma City, Oklahoma. 
AGSCO Chemicals, Inc., Grand Forks, North Dakota. 

American Chemical Paint Company, Ambler, Pennsylvania. 
Associated Producers, Incorporated, St. Paul, Minnesota. 
Barber, W. A. Company, Minneapolis, Minnesota. 

Batcheller's, Sioux Falls, South Dakota. 

Blue, ‘John Company, Incorporated, Huntsville, Alabama. 
California Packing Corporation, Rochelle, Illinois. 
California Spray-Chemical Corporation, Maryland Heights, Missouri. 
Century Engineering Corporation, Cedar Rapids, Iowa. 

Clark Manufacturing Company, Atherton, Missouri. 

Comfort Equipment Company, Kansas City, Missouri. 

Consumers Co-operative Association, Kansas City, Missouri. 
Davey Tree Expert Company, Kent, Ohio. 

Dearborn Motors, Birmingham, Michigan. 

Delavan Manufacturing Company, Des Moines, Iowa. 

Dobbins Manufacturing Company, Elkhart, Indiana. 

Dow Chemical Company, Midland, Michigan. 

Du Pont, E. I. de Nemours and Company, Wilmington, Delaware. 
E. and E. Sprayer Company, Waverly, Nebraska 

Engine Parts Manufacturing Company, Cleveland, Ohio. 

Evans Orchard Supply Company, Kansas City, Missouri. 

Fargo Foundry, Fargo, North Dakota. 

Farmers Union Central Exchange, St. Paul, Minnesota. 
Fertilizer and Chemical Supply, Hartington, Nebraska. 

Food Machinery and Chemical Corporation, John Bean Division, Lansing, Michigan. 
Giegy Company, Incorporated, Burlington, Iowa, 

Goodrich, B. F. Chemical Company, Cleveland, Ohio. 

Green Giant Company, Le Sueur, Minnesota, 

Gre-Sen Manufacturing Company, Minneapolis, Minnesota. 

Hahn, Incorporated, Evansville, Indiana. 

Hanson, H. C. Beloit, Wisconsin, 

Hudson, H. D. Manufacturing Company, Chicago, Illinois 

Hunt Orchard Supply Company, St. Joseph, Missouri. 

Hypro Engineering, Inc., Minneapolis, Minnesota. 
International Elevator Company, Minneapolis, Minnesota. 
Kolker Chemical Works, Incorporated, Newark, New Jersey. 
Kromer, 0. W. Company, Minneapolis, Minnesota. 

Mackwin Company, Winona, Wisconsin. 

Miller Chemical Company, Omaha, Nebraska. 

Meyers, F, E, and Brothers Company, Ashland, Ohio. 

Monarch Manufacturing Works, Inc., Philadelphia, Pennsylvania. 
Monsanto Chemical Company, St. Louis, Missouri. 

Mutual Dealers Wholesale Company, St. Paul, Minnesota. 
National Aluminate Corporation, Chicago, Illinois. 

National Grain Company, Limited, Winnipeg, Manitoba. 
National Sprayer and Duster Association, Chicago, Illinois 
Oberdorfer Foundries, Incorporated, Syracuse, New York. 
Oldbury Electro-Chemical Company, New York, New York. 
Pacific Coast Borax Company, Los Angeles, California. 
Peavey, F. H. and Company, Minneapolis, Minnesota. 
Pittsburgh Agricultural Chemical Company, New York, New York. 
Powell, John and Company, Incorporated, New York, New York. 
Ralston Purina Company, St. Louis, Missouri. 
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Riverdale Chemical Company, Harvey, Illinois. 

Robinson, J. ©. Seed Company, Waterloo, Nebraska. 

Rohm and Haas Company, Philadelphia, Pennsylvania. 

Sharples Chemicals Incorporated, Wyandotte, Michigan. 

Skelley Oil Company, Kansas City, Missouri. 

South Dakota Spray Chemical Corporation, Gettysburg, South Dakota. 
Southern Alkali Corporation, Pittsburgh, Pennsyivania. 

Spraying Systeme Company, Bellwood, Illinois. 

Standard Oil Company (Indiana), Chicago, Illinois 

Swift and Company, Chicago, Illinois 

Thompson Horticultural Chemical Corporation, St. Louis, Missouri. 


LIST OF EXHIBITORS 


Accessories Manufacturing Company, 705 McGee, Kansas City, Missouri. 

Agricultural Processing Industries, Incorporated, 3500 East 6th Street, Denver, Colorado. 
American Chemical Paint Company, Ambler, Pennsylvania. 

A. T. Ferrell and Company, 1620 Wheeler Street, Saginaw, Michigan. 
Broyhill, Roy Company, Dakota City, Nebraska. 

Buffalo Turbine Agricultural Equipment Company, Gowanda, New York, 

Purke, John H., Wiley Post Airport, Oklahoma City, Oklahoma. 

| Burnett's Spraying Equipment Company, 808 South Second, Dodge City, Kansas. 
California Spray Chemical Corporation, P. 0. Box 1533, Oklahoma City, Oklahoma 
Campbell Manufacturing Company, Walthill, Nebraska. 

Clark Manufacturi ng Company, Atherton, Missouri. 

Chemical Corporation of Colorado, 12th and Quivas Streets, Denver, Colorado. 
Chipman Chemical Company, Boundbrook, New Jersey. 

Consumer's Co-Operative Association, 318 East 10th Street, Kansas City, Missouri. 
Cox, W. T. Company, 1021 Fruit Street, Santa Ana, California. 

Delavan Manufacturing Company, 3007 Sixth Avenue, Des Moines, Iowa. 

Dodgen and Company, 426 Central Avenue, Fort Dodge, Iowa. 

Dow Chemical Company, Midland, Michigan. 

E. and E. Sprayer Company, Waverly, Nebraska. 

E. I. du Pont de Nemours & Co., Grasselli Chemicals Department, 112 West Ferry Street, St. Louis 7, Missouri. 
Engine Parts Manufacturing Company, 1360 West 9th Street, Cleveland 13, Ohio. 

Farm Easy Products, Incorporated, 12708 East Centennial Avenue, Muncie, Indiana. 

Food Machinery and Chemical Corporation, John Bean Division, Lansing t, Michigan. 

Geigy Company, Incorporated, Box 503, Burlington, Iowa. 

Hahn, Incorporated, 315 North 9th Avenue, Evansville, Indiana. 

Hanson Chemical and Equipment Company, Beloit, Wisconsin. 

Hart-Carter Company, 655 Nineteenth Avenue, N. E., Minneapolis, Minnesota, 

Henry Equipment Company, 506 North Hudson, Oklahoma City, Oklahoma. 

H. D. Hudson Company, 589 East Illinois Street, Chicago, Illinois. 

Hypro Engineering, Incorporated, 06 Washington Avenue, North, Minneapolis, Minnesota. 

Kuker, J. A, Manufacturing Company, Box 25, Ames Avenue Station, Omaha 11, Nebraska, 

Modern Tractor and Supply Company, 1701 NW Fifth Street, Oklahoma City, Oklahoma 

Monsanto Chemical Company, 1700 South 2nd Street, St. Louis, Missouri. 

Nichols Seed Company, 901 West California, Oklahoma City, Oklahoma 

Oberdorfer Foundries, Incorporated, Thompson Road, Syracuse, New York, 

Oldbury Electro-Chemical Company, 19 Rector Street, New York 6, New York 

Pacific Coast Borax Company, 510 West 6th Street, Los Angeles 1), California, 

Penn Chemical Company, Box 5126, Amarillo, Texas. 

Pittsburgh Agricultural Chemical Company, 322 North Sarah, St. Louis 8, Missouri, 

Price Brothers Equipment Company, Inc., Box 1881, Wichita, Kansas. 

Private Brands, Incorporated, 300 South Third Street, Kansas City, Kansas. 

Ralston Purina, 835 South 8th Street, St. Louis, Missouri. 

i Reasor-Hill Company, Route 1, Jacksonville, Arkansas. 

Riverdale Chemical Company, 32 East 1,7th Street, Harvey, Illinois. 

Safe-Way Crop Dusting Company, Box 607, Decatur, Illinois. 

Standard O11 Company (Indiana), P. 0. Box 5910, Chicago, Illinois 

Spraying Systems Company, 3201 Randolph Street, Bellwood, Illinois. 

Swift and Company, Plant Food Division, Box 3055, Queensboro Station, Shreveport, Louisiana. 

Thompson Hayward Chemical Company, 27 Greystone, Kansas City, Kansas. 

Tryco Manufacturing Company, Forsyth, Illinois. 

Twin-Draulic, Incorporated, Laurens, Iowa 

Wetmore Pulverizer and Machinery Company, 209-220 South Main, Tonkawa, Oklahoma. 
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